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RESEARCH IN SEWAGE CHEMISTRY, SEWAGE TREAT- 
MENT AND STREAM POLLUTION 


A CRITICAL REVIEW OF THE LITERATURE OF 1936 


By Harry A. Faser, H. F. Gray, W. S. Mauuie, H. Hevkevextan, 
Wittem Rupours, H. W. Streeter, B. A. WaHIsLer, AND 
Kk. B. PuHeurs, Chairman 


Committee on Research, Federation of Sewage Works Associations 


CHEMISTRY AND BroLoGy 


Material progress has been recorded during 1936 in the general field 
of chemical, biochemical and biological theories of sewage treatment. 
Important individual studies have dealt with the mechanisms, reactions 
and theories involved but the vear has been especially marked as a 
period of consolidation of knowledge, of bringing together and building 
up the various details of experimentation into general hypotheses. It 
is also noted that plant-scale application of fundamental knowledge and 
experimentation in several directions has resulted in practical progress. 

Clarification.—Several papers dealing directly or indirectly with the 
clarification stage of activated sludge have been published during the 
vear. The observations and studies vary from methods to increase the 
rate of removal of solids and their compacting to attempts to explain 
the mechanisms involved in the clarification phenomena. Whitehead 
and O’Shaughnessy * (1) incorporated inert materials in the floe, 
thereby producing a remarkably brilliant effluent. When the particles 
were too large they were rejected by the organisms and either not 
utilized (organic matter) or not used to grow upon (inert). 

A critical review of various views dealing with the complex phe- 
nomena of clarification by activated sludge has been presented by 
Theriault (1). This was follewed by the publication of results, a dis- 
cussion on the adsorption of activated sludge (2) and the presentation 
of a biozeolitie theory of sewage purification (3). Theriault: in his 
studies focussed attention on the floe itself as the primary absorbent 
of finely divided and colloidal substances, apart from the embedded 
hacteria, secreted enzymes and microscopic animals associated with 
the floc. This raises an interesting question in regard to the nature 
of the gelatinous matrix and its functions. Theriault believes that the 
absorbent principle in activated sludge is a base-exchange substance, 
chemically similar to the zeolites employed in water purification. In 
an effort to throw further light upon the clarification phenomena, 
Heukelekian (1) studied the removal by activated sludge of certain or- 

* The bibliography is arranged alphabetically and serial identification numbers are used 
only in the case of more than one publication by the same author. 
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ganic and inorganic substances similar to those occurring in sewage. 
He found a partial removal of infusorial earth and kaolin which could 
not be correlated with the clarification power of the sludge for sewage, 
or with the sludge index. Organic substances, such as dextrose, pep- 
tone, casein and bacteria were also removed by stirring with activated 
sludge, but since biological action was not precluded the action could 
not be ascribed to adsorption. 

The question of the mechanism of clarification by activated sludge 
warrants further investigation. The widely different theories of vari- 
ous investigators, all supported by certain data, suggest that each had 
found at least a part of the whole truth and that a harmonizing gen- 
eralization is still to be sought. 

Oxidation-Reduction.—The biological oxidation of carbohydrates in 
the form of cellulose in the activated sludge process and trickling filters 
has been studied by Jenkins (1). About the same amount of cellulose 
was oxidized when cellulose and nitrogen, in the form of NH, (HCO,), 
were added in the C/N ratio of 80:1 as when the C/N ratio was 8:1. 
Cellulose and ammonia were oxidized simultaneously, with no evidence 
that decomposition of cellulose preceded oxidation of nitrogen. In 
trickling filters more decomposition occurred with the lower ratio. As 
found by previous investigators a portion of the nitrogen (26% with 
the larger amount of N) disappeared, while with the small amount of 
nitrogen only 45% was accounted for in the film and in the effluents. 
Wooldridge and Standfast (1) reported that the initial rate of oxidation 
of crude sewage or of a sewage effluent was greatly increased by the 
presence of sludge, although the ultimate oxygen absorption value was 
scarcely influenced by this factor. Marked differences in the oxygen 
demands of various sewages were demonstrated within a few hours. 
The same authors (2) found that the rate of oxidation of sewage in- 
creased with the rise of temperature from 18 to 37° C., and that the 
optimum reaction was pH 7.3, with marked reduction of rate at pH 5.0 
and 10.0, and complete inhibition at pH 4.0. Carbon dioxide is evolved 
in sewage and sludge oxidations but Wooldridge and Standfast found 
that the ratio CO./O, was much less than unity. They suggested that 
the ratio might increase as oxidation proceeds. Heukelekian (2) actu- 
ally measured the rate of oxidation by CO, production and compared 
it with B.O.D. results. He found that CO, production from sewage 
and activated sludge was greater than oxygen consumption by the dilu- 
tion methods, resulting in CO, to B.O.D. ratios greater than unity. 
With fresh solids, ratios less than unity were obtained. The differ- 
ences in the ratios, using sewage, activated sludge and fresh solids, 
were attributed to the differences in their respective flora and fauna 
and pH values. The CO, production, on the basis of suspended solids 
from the returned activated sludge, was considerably lower than from 
sewage. 

Watson has reported that in general the rate of oxygen absorption 
by activated sludge depends upon the condition of the sludge. A re- 
conditioned sludge, if put into unpurified sewage, has a much larger 
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immediate demand. McNamee found that soluble and colloidal matter 
of sewage was rapidly oxidized in the presence of activated sludge. 
In the presence of nitrifying activated sludge the 5-hour oxygen de- 
mand of the sewage was greater than the total first-stage oxygen de- 
mand, while the total oxygen demand of the sewage was lower than 
the total oxygen demand observed under the conditions of the B.O.D. 
test. These observations probably mean that a considerable amount 
of the material was used to synthesize activated sludge floes. It is con- 
cluded that a large part of the oxidation with ‘‘good’’ activated sludge 
takes place during the first few hours of contact. 

From experiments on the oxygen demand of an activated sludge, 
Goldthorpe concluded that for arresting the absorption of dissolved 
oxygen by activated sludge, copper sulphate and mercuric chloride have 
been found most suitable. The phenomena associated with the role 
of nitrogen in biological oxidations were investigated by O’Shaugh- 
nessy and Hewitt. Their experience led them to the conclusion that 
only activated sludges capable of nitrification have the power to bring 
about denitrification with release of gaseous nitrogen. An equation 
suggested to envisage the action is: 


C.H,,O + 8KNO, = 4KHCO, + 2K.CO, + 4N. + 3H.0. 


The effects of greatly increased filter rates upon the removal of 
finely divided materials and the stabilization of effluents have been so 
pronounced that a broader conception of the purification mechanism 
of trickling filter processes is imminent. Levine et al, studying the ef- 
feet of ceramic filter media, reported that a large part of the B.O.D. 
reduction and a part of the sedimentation was due to the colloider 
action of the filter. Barritt, in experiments with milk plant wastes, 
found that septic tank effluents high in B.O.D. had a wide carbon- 
nitrogen ratio, requiring the addition of nitrogen (and probably phos- 
phates) for good results. Muers, in experiments with laboratory 
trickling filters fed with a 10 per cent solution of whey in tap water, 
found a reduction of 90 to 95 per cent of the B.O.D. Excessive growth 
of the film (Fusarium) was checked to some extent by preliminary 
fermentation of the feed. Fermentation of the lactose in the whey 
before filtration had no ill effect. Protozoa were always abundant, 
but metazoa were slow in establishing themselves. When the larvae 
overtook the growth of the film there was a copious discharge of debris. 
The biological oxidation of stearic acid can be accomplished if available 
nitrogen, phosphorus and potassium are present. Jenkins (2) showed 
also that the oxidation of the stearate occurs more readily when sewage 
is present. 

Jenks indicated that the oxidizing capacity of a bio-filter may be 
greatly augmented by recirculation and, to a significant extent, results 
accomplished were independent of the physical dimensions of the media 
in the bed. 

The view has been held that the most important factor in biological 
oxidations of sewage is a series of catalysed enzymes present in either 
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living or dead bacterial cells or liberated by them into the liquid of 
the reacting system. Wooldridge and Standfast (3) discussing the 
role of enzymes in activated sludge and sewage oxidations, presented 
indirect results on sewage, sterilized by Seitz filtration, heat and vari- 
ous disinfectants. The sterilized sewages usually did not absorb 
oxygen when shaken in a Barcroft micro-respirometer, while the addi- 
tion of crude sewage, washed sludge, bacterial cells or bacteria-free 
protozoa cells induced the oxidation of sterile sewage or sterile sludge. 
Moderate irradiation of sewage with ultra-violet light does not prevent 
oxygen absorption. Although protozoa possess enzymes and can oxi- 
dize the constituents of sludge, it is concluded that most of the oxida- 
tion is brought about by bacterial enzymes, the bacteria being both 
more numerous and generally much more active. It is probable that 
the activity of the living proliferating cell for certain oxidations is 
greater than that of the dormant cell. This was definitely shown by 
Streeter (1). 

Colloids.—Clarification, whether by the action of activated sludge 
or by chemical or physical change in the fluid, is in large measure the 
result of flocculation of colloidal materials. Studies of the mechanism 
of this effect are of fundamental interest. The coagulating effects of 
bubbles of gas (air, oxygen, nitrogen, hydrogen) on the dispersed ma- 
terial of sewage have been studied by Williams. At 25° C. each of 
these gases produced the same amount of coagulation during a 6-hour 
period, but in 24 hours oxygen and air were superior. Coagulation in- 
creases with increasing temperature. Comparing the same gases for 
untreated and sterilized sewage, Williams and Murray found that the 
addition of potassium cyanide decreased the power of gas bubbles to 
coagulate and that this effect was neutralized by the addition of mer- 
curic iodide. The results indicate that flocculation or coagulation of 
dispersed material by gas bubbles is mainly physical, although a bio- 
logical effect is suggested. 

Methods.—For the determination of the strength of sewage and the 
efficiency of treatment works the B.O.D. test is the most valuable and 
useful yet developed, despite interference by industrial wastes or poi- 
sons and certain other deficiencies. These deficiencies however remain 
to be overcome. 

Measuring the oxygen absorption from air by sewage and sewage 
effluents manometrically by the Barcroft differential manometer Wool- 
dridge and Standfast (4) reported that the oxygen absorption for any 
particular sewage was usually greater than when estimated by the 
usual test for B.O.D. Under the aerobic conditions of the Barcroft 
apparatus such gases as hydrogen, methane, hydrogen sulphide and 
nitrogen do not appear to be liberated during oxidation. 

Heukelekian (3), by using sewage as an inoculum into phosphate- 
buffer water and maintaining definite dissolved oxygen concentrations 
in closed systems, has shown that bacterial numbers in sewage appar- 
ently increase with the oxygen tension. Simultaneously, higher B.O.D. 
results were observed. If this be the case in general, it may account 
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for many of the variations often encountered in B.O.D. determinations. 
In a study regarding the influence of substrate on the dilution method 
for B.O.D., Lea and Nichols found that the B.O.D. value of a 0.1 per 
cent glucose solution, using seeded bicarbonate dilution water, was far 
below the value obtained when more complex synthetic water was used. 
Lea and Nichols suggest a more complicated substratum. Any such 
medium, however, is still artificial. A rapid method of estimating the 
‘‘streneth’’ of solutions containing organic matter has been described 
by Muers. It is a modification of the procedure of Adeney and Daw- 
son, by which the organic matter is supposed to be rapidly oxidized to 
CO., H.O and NH:;. 

Fair has suggested a new mathematical treatment, the so-called 
‘‘log difference’’ method, to find an approximate value for K, the re- 
action velocity constant of the first-stage B.O.D. curve, and based upon 
this, an approximate value for the ultimate first stage demand L; or 
for greater accuracy to find a trial value of K to be employed in deter- 
mining these constants by the ‘‘least squares’’ method. 

Two modifications of the iodine method for determining total 
sulphides in sewage were compared by Pomeroy. The method recom- 
mended, depending upon volatilizing the sulphide into a zine acetate 
solution, and determination by titration, is considered quite accurate 
under ordinary conditions. 

Errors in the determination of moisture of wet and partially de- 
watered sludges by the heat drying method may be considerable be- 
cause of the volatility of substances other than water. The distillation 
process, employing some liquid organic solvent having a higher boiling 
point than water, avoids this error. The use of xylene by the Dean and 
Stark method as applied to sewage sludges by Bach has certain disad- 
vantages. Lumb found the perchlorethylene method described by 
Steward very satisfactory and free from the defects of the xylene 
method. Strell obtained good results by centrifuging sludge. 


ACTIVATED SLUDGE 

Activated sludge research in 1936 seems to have resolved itself into 
three main types of study: 

1st—Investigations of bulking phenomena. 
2d —Rate of oxidation studies. 
3d —Details and mechanism of the process. 

Bulking Phenomena.—The A. P. H. A. Committee on Sanitary En- 
gineering, chose as their subject for investigation in 1936 ‘‘The Bulk- 
ing of Activated Sludge.’’ 

In their report they differentiate bulking into two types, one the 
‘‘true bulking,’’ characterized by a floceulated sludge of high index 
and a slow settling rate, usually accompanied by a high volatile matter 
content and frequently occurring in dry weather; and the other the 
‘‘rising type,’’ in which the sludge is of a slimy de-flocculated nature 
with an extremely slow settling rate, usually accompanied by growths 
of sphaerotilus and the presence of carbohydrate wastes. 
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After reading the report one is struck by the diversity of opinions 
as to the cause of bulking, and the various methods of control. 

Among the causes suggested in the literature are listed insufficient 
air, excessive filamentous growths, excessive carbohydrates, tomato 
seeds, peach wastes, vegetable and fruit pulps, milk wastes, phenol 
wastes and dry weather sewage. 

Corrective measures suggested include the addition of chemicals 
for the control of hydrogen-ion concentration, for partial sterilization, 
or to weigh down the sludge particles; and varying the amount of air 
supplied. 

Despite the diversity of opinions, and, at first glance, of the facts, 
the present reviewer finds considerable support for the idea that bulk- 
ing is fundamentally a maladjustment of oxygen supply and oxygen 
demand. From this viewpoint, filamentous growths such as sphaero- 
tilus are a symptom rather than a cause, which explains why bulking 
may occur without excessive growths, and growths may be present 
without serious bulking. Industrial wastes, especially those of carbo- 
hydrate nature, increase the demand. In such eases, increasing the 
rate of aeration is frequently a sufficient remedy. Where this fails 
there remains the suggestion that the aeration rate may be sufficient 
over-all, but insufficient at the influent end of the aeration tanks, where 
the demand is concentrated and where the damage may be done. This 
reasoning seems to be borne out by the experience of Andersen at Rock- 
ville Center, and that of Nordell, Kessler and others, on tapered aera- 
tion, which will be discussed later. 

Smith and Purdy’s success (see section Chemical Treatment), in 
controlling bulking by chlorine addition and consequent reduction of 
filamentous organisms, and especially their microscopic observations 
of the character of the sludge particles, suggest that the filamentous 
organisms cause the bulking, but it is significant that their control lay 
in maintaining a ratio between the solids in the return sludge and the 
amount of chlorine added. It has been suggested that the use of 
chlorine inhibits the bacterial activity in the early stages, so that the 
air supply keeps pace with the reduced rate of oxygen utilization. 

This is in line with experiences at Lima, O., where E. E. Smith used 
chlorine quite successfully. He found that when the air/sewage ratio 
was reduced below 1.00 to 1.25 eubie feet per gallon, bulking might be 
expected, but with the use of chlorine, the ratio could be cut to 0.90. 

Rhodes’ experience at Hagerstown, Md. is also significant in this 
connection. His plant had been troubled by periodic bulkings, had an 
excessive aeration requirement and, when not operating efficiently, pro- 
duced odors. Ferric chloride (4.0 to 7.7 p.p.m. Fe) prevented bulking 
and improved settling. Chlorinated copperas, (3.6 to 19.1 p.p.m. Fe) 
reduced necessary detention time to 3 hours (from 6 to 9 hours), re- 
duced air requirement by one-half and was most efficient when applied 
to sewage just prior to or just after adding return sludge. None of 
these treatments, however, gave a uniformly clear effluent. The effi- 
ciency and economy of the treatment were improved by addition of 
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chlorinated copperas (carrying an excess of chlorine) to the return 
sludge just prior to mixing. The excess chlorine averaged 2.2 p.p.m. 
based on sludge volume. 

The experience of Hodgson at Glenelg, Australia, is also suggestive. 
Treating a concentrated domestic sewage, 23 to 54 gal. per cap. per day, 
B.0.D. 328 to 772 p.p.m., at high summer temperatures he found under- 
aeration a primary cause of bulking. With dissolved oxygen main- 
tained at 2 p.p.m. or over at all stages, sludge condition was normal 
although protozoal life was varied. Euplotes, oxytricha, rotifera, 
hexophyllum were present in limited numbers but were not considered 
essential, and amoeba, arcella, nematodes, flagellates and filamentous 
fungi, including sphaerotilus were absent. A bulking sludge was quite 
the opposite, with sphaerotilus massive and predominating. 

Three-day aeration of sludge gave only temporary relief. Liming 
to pH 9.0 and 24-hour aeration was more successful. Paddles im- 
proved the efficacy of aeration, and even use of the paddles as fixed 
baffles was beneficial. 

Some of the operating data of this rather unusual plant are of in- 
terest. B.O.D. was reduced from a range of 328-772 to 10.4-26.0; sus- 
pended solids to 17-25 p.p.m. Aeration ranged from 6 to 12 hours, re- 
turn sludge, 25 to 64 per cent of sewage flow; air, .89 to 1.69 cu. ft. per 
val. and suspended solids in aeration liquor, 910 to 2800 p.p.m. 

Ardern and Lockett, on the basis of extensive operating experience 
in England, believe bulking to be caused by under-aeration. It would 
appear that maintaining a proper condition of the return sludge and a 
proper balance between oxygen demand and supply in the early stages 
of the process constitute the best control measures. This balance can 
be maintained either by retarding bacterial activity to keep pace with 
the oxygen supply, or possibly by increasing the latter. Oxygen supply 
means actual oxygen dissolved, not rate of aeration. It is quite pos- 
sible, with a strong sewage and a highly active sludge, that the rate of 
solution of oxygen during the early stages may be insufficient, even in 
the presence of excessive rates of aeration. In such a case chlorina- 
tion might be successful where increased rate of aeration would do 
little good. 

This leads to the natural question, ‘‘ What is a properly conditioned 
sludge?’’ A number of investigators have attacked this question. 

Ardern and Lockett conclude that a good sludge is one that settles 
rapidly, filters well, has a relatively low B.O.D. and contains a pre- 
ponderance of the large ciliates, with a scarcity of flagellates, amoeba 
and the filamentous organisms. In their studies they used six labora- 
tory tests, as follows: 


> 


Rate of settlement 

Drainability or filtrability 

B.O.D. tests 

Oxygen absorbed from permanganate 
Dissolved oxvgen of the mixed liquor 
Microscopic examination 
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They consider the oxygen absorbed test to be of no particular value 
and the drainability test of value, provided greases are absent. The 
remaining tests are of more practical value, and the microscopic ex 
amination has never failed to give a true indication. Whitehead and 
O’Shaughnessy (1) employ the criterion of settling rate. A good 
sludge is one that will settle eight feet in one hour. Other authorities 
differ on this point. Mohlman’s ‘‘sludge index’’ is a criterion of 
similar nature. 

MeNamee in his studies of oxidation of sewage by activated sludge 
speaks of ‘‘good’’ and ‘‘poor’’ sludge. He uses these terms with ref- 
erence to settling properties of the siudge and presents data to show 
that although there may be practically no difference in the total oxidiz- 
ing capacities when compared on a weight basis, there may be a marked 
difference in the rate of purification capacity, which justifies the use of 
the sludge index. 

Rate of Oxidation.—Quite an amount of work seems to have been 
done on this subject, and a better understanding no doubt will do much 
to clear up some causes of the ‘‘temperamental upsets’? common to 
activated sludge plants. We have the following pertinent statement 
from Whitehead and O’Shaughnessy (2). ‘‘Appreciation of the ra- 
pidity with which oxygen is absorbed by sewage liquor is essential for 
the proper design and successful operation of biological sewage treat- 
ment plants, particularly of the activated sludge type. . . . The rate at 
which oxygen is supplied in activated sludge plants is therefore the 
most important limiting factor in the application of the process to the 
complete treatment of strong sewages and industrial wastes.’’ 

The work of McNamee has been referred to in the section Chemistry 
and Biology. Nordell’s work and use of the Odeeometer was discussed 
in this review last year. 

In the field of practical application, Kessler, Rahlich and Smar 
have studied the rate of oxidation, as measured by oxygen absorption, 
with some suggestive conclusions. Nordell had shown that this rate 
decreases rapidly from the beginning of the aeration. Kessler’s in- 
vestigations have shown that in treating sewage of various strengths 
the maximum rate at the start was independent of the strength of the 
sewage, being dependent only upon the sludge. The rate declined pro- 
gressively in such a manner that any given lesser rate was reached at 
a time proportionate to the strength of the sewage. 

In the study of oxidation rates it is important to be able to stop the 
oxidation at any specified time, and this has led to the use of sterilizing 
agents which kill the organisms without other action on the oxidizable 
materials present. Kessler and Nichols, following the procedure of 
Beck and Palmer, used copper sulphate for this purpose, while the 
British investigators seem to favor the use of mercuric chloride. 
Heukelekian has proposed to use the rate of CO, production as a meas- 
ure of the rate of oxidation, but after a number of experiments he con- 
cluded that ‘‘for the present, CO, production cannot be used for the 
computation of oxygen demand.’’ 
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The recognition of the oxygen demand/supply ratio, has led to the 
use of ‘‘stepped or tapered aeration’’ or perhaps a better term would 
be ‘‘eontrolled aeration.’’ As previously mentioned this can be done 
in several ways, such as by increasing the amount of air, by slowing 
down bacterial action by means of chemicals, or by limiting the amount 
of oxidizable material. Ardern and Lockett (2) use alumino-ferrie and 
acid, a short period of aeration (3 to 10 minutes) followed by a short 30 
minute settling period as a means of combating frequent overloading, 
which disturbs the oxygen demand/supply ratio. At Helsingfors the 
ratio is maintained by diluting the strong sewage with treated effluent 
at the inlet to the aeration tanks (Granqvist). 

Details and Mechanism of the Process.—In addition to further dis- 
cussions of the mechanism of the clarification phenomena, dealt with 
in the section on Chemistry and Biology, certain other details of the 
activated sludge process have attracted some attention. One of these 
is the relative merit of mechanical versus compressed air aeration. 
Hach of the methods has its champions. The plant at Marlboro, N. J., 
where two identical tanks side by side could be treated with the same 
sewage, offered an excellent opportunity of making such a comparative 
study, and such a study has been reported by Ridenour and Henderson. 
One tank was aerated by means of a revolving brush while the other 
used compressed air diffused through porous tubes. The B.O.D. re- 
duetion was practically the same in both methods. With 3000 p.p.m. 
of suspended solids in the mixed liquor, the removals were also prac- 
tically the same in both tanks. With decreasing concentration of solids, 
the compressed air unit was progressively more effective although the 
difference was not indicated by the B.O.D. results. The greatest dif- 
ference in the two methods lay in the character of the sludge produced. 
The settling and compacting of the compressed air sludge was about 
three times as great as that from the brush aerator. 

Distribution of dissolved oxygen was more uniform with the brush 
aerator. The average circulation velocities were about equal in both 
types, while the brush aerator gave higher velocities at the surface 
and bottom. 

With reference to the cost of operation, it was reported that for 
the same degree of purification the revolving brush aerator consumed 
from 18 to 22 per cent less power than the compressed air aerator. 

Sludge Rising.—The contamination of effluents from final settling 
tanks by sludge particles may be due to a number of causes. In acti- 
vated sludge plants, incomplete clotting or scum formation in the aera- 
tion channels, overloading of settling tanks, or ‘‘bulking’’ and rising 
of the settled sludge mass may be responsible. Statements have been 
made that blanket rising of sludge and subsequent passage over the 
weirs is due to over-aeration. O’Shaughnessy and Hewitt considered 
that the gas in rising sludge, essentially nitrogen, is responsible. Me- 
Lachlan states that experience has shown that to produce an over- 
aerated sludge requires days of aeration rather than a period measured 
in hours. Blanket rising is different from true bulking and may be 
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produced at will. It may result from over-powering good recondi- 
tioned sludge by the introduction of a stronger sewage than usual. A 
good active sludge when overloaded produces a deteriorating sludge 
and by further overloading a so-called ‘‘over-powered”’ sludge. <A de 
teriorating sludge rises rapidly or does not settle, has a stale odor, with 
few, relatively sluggish organisms present, while an over-powered 
sludge does not rise for several hours, has a foul odor with few or- 
ganisms. Reduced flow and aeration of an over-powered sludge 
changes it to a deteriorating sludge, and further aeration again to a 
good active sludge. The reviewer believes with O’Shaughnessy that 
the blanket rising is caused by nitrogen gas. Whatever the origin of 
the gas in rising sludge, any form of mechanical shock or agitation will 
serve to liberate the gas bubbles and prevent rising. 


StupGe DIGEstTIon 


Progress in the practice and theory of sludge digestion has been 
rapid and many new concepts have led to much experimentation and 
to radical changes in the art. In reviewing this topic for the past year 
it has seemed desirable to sum up at somewhat greater length than 
usual the present-day situation. 

Mechanism and Agencies.—The mechanism and agencies of sludge 
digestion are biochemical in nature and their understanding entails 
some knowledge of the substances undergoing transformation, and of 
the intermediate and end products formed. The knowledge and tech- 
nique gathered in the general fields of biochemistry and microbiology 
-an be utilized with slight modifications for attacking this phase of the 
sludge digestion problem. 

A general survey of the types and groups of substances present in 
domestic sewage sludge has been made. By comparatively simple tech- 
niques the occurrence and quantity of fats, cellulose, hemicellulose, lig- 
nins and proteins have been determined. A more detailed investigation 
regarding the identity of the various important compounds would neces- 
sitate the laborious methods of organic chemistry. 

By determining the quantity of these substances after digestion has 
proceeded it has been possible to show that various substances have 
been subject to varying degrees of decomposition. Fats, constituting 
one of the most important constituents of fresh solids, disappear rap- 
idly and extensively in anaerobic digestion. Celluloses and hemicellu- 
loses, which are present less abundantly, disappear as readily but cer- 
tain resistant substances, such as lignins, tend to accumulate. Proteins 
disappear to a lesser extent but profound changes take place in their 
constitution. Some of them are decomposed completely to ammonia. 
Others are partially hydrolyzed to amino acids and amides. Still 
others are resynthesized into the microbial protoplasm. <All micro- 
biological transformations resulting in degradation and decomposition 
are necessarily accompanied to a certain extent by synthetic processes 
although the extent of the latter is much more limited under anaerobic 
than aerobic conditions. 
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Regarding the transitory intermediate products, much less is defi- 
nitely known. Most of the organic substances in sewage go through 
a definite suecession of changes such as the degradation of cellulose 
under anaerobie conditions through the cellobiose and glucose stages 
and that of proteins through polypeptides-amino acid stages to am- 
monia. Most of these changes are continuous chain reactions so that 
an accumulation of the intermediate products does not take place unless 
the normal reaction is blocked by certain poisons. No attempts have 
purposely been made to block a part of the reaction in sludge digestion. 
In addition to testing the general concepts of chain reaction transforma- 
tions, such a procedure might lead to important practical implications. 

The most important of the intermediate products from the stand- 
point of quantity and effect are the organic acids. These arise from 
the anaerobie decomposition of a variety of substances commonly pres- 
ent in fresh solids such as celluloses, proteins, fats, ete. These acids 
when properly neutralized form an excellent source of food and energy 
for microorganisms. The free acids, even though not highly dissoci- 
ated, ean inerease the hydrogen ion concentration sufficiently to retard 
microbial activity seriously. Normal digestion with sufficient ripe 
sludge gives little difficulty from this cause. 

Beyond gross identifications, little work has been done to determine 
the identity of these organic acids. Quantitative estimation of the total 
volatile acids have been made, and constitute a valuable vard stick for 
controlling the digestion process. It has been shown that acetic, buty- 
rie, propionic, valerie and lactic acids are among those formed during 
digestion. The artificial stimulation of digestion for the accumulation 
and utilization of such acids might lead to profitable exploitation of 
sludge digestion. 

In regard to the agencies responsible for digestion, little of a definite 
nature is known beyond the fact that bacteria and their enzymes play 
an important role in the transformation and stabilization of the organic 
material. The available technique in the field of bacteriology has been 
utilized only with partial success in determining the bacteria respon- 
sible for digestion. The enumeration of the bacteria capable of grow- 
ing on plates has led to the suspicion that these organisms are not the 
ones actually involved in the essential transformations. Grouping the 
organisms into different physiological groups according to their ability 
to bring about specific changes in various artificial media (such as the 
ability to liquefy albumen, to produce NH; from peptones, to reduce 
NO, or SO,) has the added difficulty that any given species may fall 
into two or more groups, while each group contains many species. 
Furthermore the changes brought about by bacteria in pure culture and 
in artificial media may not be similar to those brought about by these 
organisms in mixed cultures in their natural and much more complex 
environment. Bacteriological techniques, therefore, have not been as 
fruitful in elucidating the intricaeies of sludge digestion as biochemical 
technique. More definite information regarding the responsible or- 

ganisms would be of value and would open the attractive possibility 
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of replacing the more cumbersome method of inoculation with ripe 
sludge with the more efficient and economical method of pure culture 
inoculation. It would then be more readily possible to direct the proc- 
ess towards a desired end, whether it be for the production of some 
valuable substance such as alcohols, organic acids, ete., or for the usual 
purpose of disposal without nuisance. 

The enzymatic reactions, which are intimately related with bacterial 
activity, are little known. There is evidence of their presence and we 
postulate their essential activity in converting the non-diffusible mole- 
cules such as proteins, celluloses, ete. into forms more readily assim- 
ilated by bacteria. Hydrolytic enzymes must play an essential réle 
in the ‘‘liquefaction’’ stage, in contra-distinetion to the ‘‘mineraliza 
tion’’ stage which involves the more or less complete degradation of 
the liquefied or hydrolyzed substances intracellularly with the accom- 
panying liberation of energy. 

The energy liberation under anaerobie conditions is made possible 
by intermolecular or intramolecular rearrangement whereby one com- 
pound or one part of a molecule is oxidized while another is reduced. 
Energy liberation under these conditions does not necessarily entail 
the additions of oxygen to the molecule but merely a removal of hy- 
drogen (dehydrogenation). It is a necessary corollary of this concept 
that a hydrogen acceptor be provided either by a portion of the same 
molecule or by an entirely different molecule. It has been suggested 
that water may act as an oxidizing-reducing agent in the anaerobic 
process. 

The end products of the mineralization stage of digestion are CO 
methane and humus. The humus or the ripe sludge can be considered 
to consist of the substances resistant to decomposition plus the micro- 
bial products such as the synthesized cellular material and the cellular 
exudates in a complex form of integration with each other. The im- 
portant end product of sludge digestion besides the sludge itself is the 
gas produced. The volumes and composition of the gases have been 
repeatedly determined. 

An important phase of research in sludge digestion has been the 
study of the effect of environmental conditions. Some valuable and 
practical contributions have resulted from these studies. Some of 
these factors will be discussed at length. This discussion deals more 
directly with separate sludge digestion although it also applies in the 
main to Imhoff tank digestion. 

Temperature.—Even in summer months the temperature of sewage 
and of fresh solids expected in the temperate climate are far below 
the optimum for sludge digestion. Artificial heating to overcome the 





vagaries of external temperatures is beneficial. Sufficient capacity 
an be provided to permit a slow rate of digestion to proceed without 
artificial heating, but artificial introduction of heat to sludge digestion 
tanks is essential for successful rapid: operation. Bolton reports that 
the digestion of excess activated sludge alone was not successful. The 
mixture of fresh solids and activated sludge could be digested in un- 
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heated one-stage digestion tanks having a capacity of 84 days or 6.35 
cu. ft. per capita. There was no pH control and no stirring. Experi- 
ments with heating (80° F.) and stirring (Pruss mechanism) indicated 
that with 1.36 cu. ft. per capita capacity, satisfactory digestion could 
be obtained. The quantity of gas evolved increased to 0.71 cu. ft. per 
capita per day which was in excess of what was needed for the main- 
tenance of the temperature. 

Opinions and practices differ as to the most economical digestion 
temperature. Whitehead and O’Shaughnessy (3) place the optimum 
for Birmingham, Eng. at 75° F. In the U. 8. some tanks are heated 
as high as-90° to 100° F. The optimum temperature from laboratory 
experiments is about 80° to 85° F. The most generally accepted 
method of heating is by circulating hot water through coils in the di- 
vestion tanks, although heat exchangers for heating the fresh solids 
prior to addition to digestion tanks and introduction of steam and hot 
water into the tank have been advocated. Whatever the method of 
heating or the temperature of the digestion tank, the development of 
artificial heating of the digestion tanks introduces a problem of in- 
sulation. 

Seeding.—The accepted method of seeding digestion tanks is by the 
use of some digested sludge. There is a definite relation between the 
amount of ripe sludge in relation to raw sludge and the digestion time. 
In practice the amount of raw solids received is fixed. The digestion 
capacity is also fixed and in operation there is not much latitude for 
varying the ratio of raw to ripe sludge except by conserving as much 
of the ripe sludge as possible and wasting ripe sludge only after all 
the available liquid has been decanted. There is, however, adequate 
information now available upon which to design digestion capacity in 
terms of expected quantities of fresh solids and proposed temperature 
of digestion. 

Aside from the quantitative relationship between the ripe sludge 
and fresh solids there may be qualitative differences in the seeding 
value of the ripe sludge in a given plant at different times as well as 
in different plants. At present there is no way of recognizing and con- 
trolling these variations from a bacteriological standpoint. Chemical 
criteria such as pH, percentage ash, B.O.D., color, ete. are of consider- 
able value. 

Banks studied heated separate sludge digestion at Palo Alto using 
tanks with a capacity of 1.5 cu. ft. per capita. In starting the tanks 
no ripe sludge or lime was used. The pH rose to 7.0 in nine months. 
Foaming occurred soon after starting as the sewage at that time re- 
ceived large quantities of cannery wastes. 

At Williamsburg, Va., the separate sludge digestion tanks receive 
primary clarifier sludge and humus sludge from trickling filters. The 
pH value is maintained at 7.0 by the addition of lime. No scum or acid 
condition is encountered in the digester (Meisel). 

Reaction.—Proper reaction, as an important factor for optimum 
digestion, was early recognized as a result of numerous investigations. 
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Too acid a reaction (below 6.6), resulting from deficiency of ripe sludge 
or by the introduction of trade wastes, is inimical to satisfactory rapi< 
digestion. The optimum reaction covers a range from pH 7.0 to 7.38. 
However, under practical operating conditions at certain plants, satis- 
factory digestion is obtained with pH values of 6.6 to 6.8, and no amoun 
of artificial control by lime addition will permanently change this reac- 
tion or aid the digestion. These anomalous cases might be explained 
either on the basis of the peculiarities of the wastes obtained, the par 
ticular type of flora established, or the mineral constituents of the water. 
It is not unreasonable to assume that the established flora differs from 
plant to plant and from time to time. 

Digestion of Activated Sludge.—The digestion of waste activated 
sludge in conjunction with primary sludge introduces difficulties of a 
practical nature without necessarily changing the fundamental proc- 
esses. The problem created is mainly due to the inherently low solids 
content of activated sludge, which seldom exceeds 1.0 to 1.5 per cent 
and is often less. This reduction of the solids content of the mixture 
added to the digestion tank persists throughout the digestion resulting 
in a thinner sludge which does not properly separate from the super- 
natant liquor. This difficulty has led to the design of digestion tanks 
for mixed sludges with much larger capacities than those receiving 
primary tank sludge alone. Or decantation tanks may be used to con- 
centrate the mixed wastes or the waste activated sludge alone prior to 
addition to the digestion tank. The use of chemicals to concentrate 
the sludge does not seem to have been attempted. 

Supernatant Liquor.—The disposal of the supernatant liquor pre- 
sents difficulties. Returning it to the raw sewage or application to 
sand beds are two common alternatives. Neither is without objections. 
Again coagulation might offer a practicable solution. 

Scum.—Although difficulties from scum formation are not as serious 
with separate sludge digestion tanks as they are with Imhoff tanks, yet 
scum frequently becomes a problem. Under certain conditions the 
solids in the digestion tank tend to accumulate on the top and, becoming 
hard and viscous, impair digestion. 

The conditions which induce undue scum formation are (1) acid 
reaction, (2) poor seeding, (3) low temperature, (4) insufficient diges- 
tion capacity. All these are interrelated and may frequently be re- 
duced to one single factor, namely insufficient capacity. From an op- 
eration standpoint, scum breaking mechanisms are useful to combat 
this troublesome phenomenon. Devices for recirculation of digestion 
liquor or water to aid in the submergence are also in use. 

Muller claims that distribution of fresh solids in separate sludge 
digestion tanks is poor. He has developed a new distributing mech- 
anism to overcome this difficulty. The sludge flows to a revolving dis- 
tribution plate and is distributed like rain over the whole surface of 
the digestion tank. No scum is present because of the repeated new 
charges to the top of the tank. ‘Two tanks were operated for 10 months, 
one with such a distributor and one without. The increase of gas pro- 
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duction with the distributor varied between 3.4 and 19.3 per cent. The 
CO. content of the gas from the tank with the distributor was low, 32.9 
per cent as against 34.3 per cent in the control tank. 

Two-stage Digestion—The modern two-stage digestion tank is prob- 
ably an offshoot from the earlier practice of removing digested or par- 
tially digested sludge from the digestion tank into a storage tank to 
obtain greater concentration of solids or to store the sludge over the 
winter months. The two-stage process embodies certain additional 
advantages in economy. Digestion starts rapidly and slows down as 
it proceeds. Therefore by segregating the rapid from the slower stage 
and providing the former with favorable environmental conditions such 
as temperature control, mixing, ete. in a comparatively small unit and 
then transferring the partially digested sludge to tanks which are not 
heated, covered or equipped with mixing and gas collection mechanisms, 
economies in the overall construction costs may be effected. Most of 
the gas is produced in the first tank, and this gas is collected and uti- 
lized. The rapid ebullition of gas prevents the sludge from compacting. 

In the second tank, where the sludge is allowed to mature, adequate 
compacting ean take place. Whether this separation of the phases is 
accompanied by development of characteristic flora for each phase is 
not known. <A special case of two-stage digestion is initial digestion at 
thermophilic range followed by mesophilic digestion. 

An example of a multiple-stage digestion is that of the Los Angeles 
County Sanitation Districts described by Rawn, Banta and Pomeroy. 
The tanks are so designed that the lower strata of one tank automat- 
ically pass ahead to sucecesively lower tanks. Primary and activated 
sludge, plus approximately 20 per cent by volume of digested sludge, 
are introduced into the tank. The average reduction of organic matter 
in the tanks for a 2-year period was 46.4 per cent. Of the total amount 
of gas 47 per cent was produced in the first stage. ‘The weight of gas 
was 107 per cent of the weight of organic matter destroyed, without 
taking into account the weight of CO., NH, and volatile matter lost on 
drying the samples. 

In fresh solids 98.6 per cent of the nitrogen was in the solids while 
1.4 per cent was in the form of ammonium compounds or organic nitro- 
gen in solution. In the digested sludge 56.8 per cent of the original 
nitrogen was in the solids while 43.2 per cent was in solution. 

Battle Creek’s two-stage digestion plant is described by Damoose. 
This plant takes care only of primary sludge. The capacity of the 
secondary or storage tank is larger by 40 per cent than that of the 
primary. The raw sludge is pumped to the primary tank, which over- 
flows partially digested sludge to the secondary tank. The latter over- 
flows supernatant liquor to the sewage. The primary digester is 
equipped with agitators. Sludge circulation is possible between the 
digesters in either direction. 

The operation of the two-stage digestion tanks at Durham, N. C., is 
described by Franklin. A mixture of fresh solids and activated sludge 
is pumped to the digesters after the adjustment of pH with hydrated 
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lime. Two of the three digesters are used for the primary stage. An 
automatic continuous recording calorimeter is used for measuring the 
B.T.U. value of the gas and to check up the efficiency of the digesters. 
The contents of the primary tanks are circulated by means of pumps 
for 2 hours once in 8 to 10 days to prevent stratification. Ninety per 
cent of the available gas is evolved from the digestion process within 
36 hours after addition of raw sludge. When a tank becomes over- 
loaded the heat value of the gas drops and a longer period is required 
to obtain the major part of the gas. The gas has a thermal value 
equivalent to 4240 to 8350 B.T.U. per pound of volatile solids added 
to the digester. 

Two-stage digestion is reported from Stockport, England, by Ward. 
The sewage contains industrial wastes. The solids are 10 to 14 days 
old when admitted to the digestion tanks. Scum is formed in the pri- 
mary but not in the secondary tanks. Digestion of activated sludge 
alone gave rise to odors which were produced when the solid content 
of the sludge added was 5 per cent or less. This difficulty was overcome 
by adding the excess activated sludge to the primary settling tanks. 
Compressed air was used to stir the sludge during digestion without 
any advantage or disadvantage. Two-stage digestion is considered 
to have a definite advantage. 

Fulton reports the operation of two-stage digestion of mixed acti- 
vated and primary sludge. In starting the tanks the contents became 
acid (pH 5.8) but gradually digestion picked up and foaming appeared. 
Fcaming subsided after pH value reached the alkaline side. Each 
tank received 7 to 8 per cent of its capacity of raw solids daily. In pri- 
mary tanks no difference in results was apparent between continuous 
and intermittent stirring. In the secondary tanks intermittent stirring 
gave better separation of water than continuous stirring. <A sludge 
with 9.7 per cent solids was obtained with either form of stirring. 

Steele discusses the experiences with two-stage digestion tanks at 
Birmingham, Yardley Works. The seven heated tanks are charged 
twice a week. It is observed that humus sludge alone is difficult to 
digest but digests satisfactorily when mixed with raw sludge. Fer- 
mentation lagged for 48 hours after addition of humus sludge whereas 
with primary sludge the lag was only 24 hours. The primary tanks are 
charged 14 per cent of their capacity per week. The removal of more 
than 6 per cent of ripe sludge per week retarded fermentation. Quiet 
circulation of the sludge in the primary digestion tanks (14 hr. per 
day) helped the digestion. 

Reports from West Middlesex Main Drainage Works (Mogden) 
indicate that digestion tanks are of two-stage type equipped with stir- 
ring mechanism and heated to 80° F. The tanks receive primary and 
activated sludge previously thickened. 

Stirring and Circulation.—Gentle horizontal stirring, and vertical 
circulation by means of pumps, represent two divergent practices. 
Certain advantages are claimed for each. There are so many factors 
involved that it is difficult to arrive at a clear-cut conclusion. Stirring 
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devices distribute the raw solids evenly over the surface and bring them 
into intimate contact with the ripe sludge. This should prove to be an 
advantage if the normal mixing accomplished by gas and convection 
currents is not adequate. It is claimed that slow mixing gives a thicker 
sludge and a more even flow of gas. These advantages are not so ap- 
parent from the tests reported by Mohlman (1) who gives the results 
of Chicago experiences with large experimental heated (temp. 95° F.) 
separate sludge digestion tanks receiving 1 part of activated sludge 
and 1 part of primary sludge. One tank was equipped with stirring 
mechanism on top and at bottom and the other contained no mechanism. 
The results were as follows: 


Solids in 
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Stirring mechanisms are also equipped to break up the scum; this is 
of importance and may accelerate the rate of digestion. Vertical cireu- 
lation by means of pumps frankly abandons the principle in digestion of 
quiescent stratification and compacting in favor of more active mixing. 
It does not of course follow that if a certain degree of mixing is bene- 
ficial a greater amount will be better. This seems to be borne out by 
the Baltimore tests reported by Keefer (1) where the sludge moisture 
without cireulation was 94.1 per cent and with circulation system 96.4 
per cent. The slight advantages gained in higher gas production 
(mostly CO.) cannot compensate for the greater volume of sludge. 

Garbage.—Interest continues in the disposal of garbage with sew- 
age, with recognition of the fact that a considerable amount of garbage 
has always gone down the sewers, and that this quantity will probably 
increase in the future. Carpenter, Rogel and Grabois indicated by ex- 
perimental work that ground garbage mixed with sewage sludge in per 
capita proportions could be successfully digested in 40 days, as com- 
pared with 25 days for sewage sludge alone. The pH value fluctuated 
with garbage more widely than with sewage sludge, so that adjust- 
ments were found necessary. There was no essential difference in gas 
production. The garbage and sewage mixtures settled readily, but the 
settleable solids and B.O.D. in the effluent increased, the latter in pro- 
portion to the added volatile solids. 

Bloodgood found that garbage could be digested when mixed with 
fresh solids on the basis of per capita production (at Indianapolis) of 
each waste. Laboratory experiments were made with daily charges 
of primary and activated sludge, and garbage, the digestion being 
carried on at 85° F. with manual stirring once in 4 hours. The aver- 
age charge was as high .42 lbs. volatile solids per cu. ft. of digestion 
capacity per day. Garbage solids constituted 33 per cent of the total 
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volatile solids added. The digested solids withdrawn with and with- 
out the garbage addition were similar in regard to percentage of solids, 
ash, ether soluble matter and organic nitrogen. However, the super- 
natant liquor from the garbage mixture had 26 per cent more total 
solids and 95 per cent more volatile solids than the liquor from the tank 
receiving primary and activated sludge. The 5-day B.O.D., and the 
organic nitrogen of the liquor were not increased. Garbage-sludge 
mixture produced more gas than primary and activated sludge mixture. 
It was concluded that garbage sludge mixture could be digested as 
readily as the raw sludges alone. 

Difficulties may arise, however, in actual practice. One of these 
has to do with the method of dosing the garbage solids into the diges- 
tion tanks. Babbit discusses the results obtained by different methods 
of dosing the garbage into the digestion tanks. Adding the garbage 
directly to the digestion tanks disturbed the digestion process by de- 
creasing the pH values and increasing of volatile solids. Low gas 
yields, with low percentage methane, and heavy scum layer (10 ft.) 
were observed. Admission of the garbage to the inlet end of the flow- 
ing-through compartment of the Imhoff tank gave no difficulties in op- 
eration. Active gasification was obtained, pH 7.0 was maintained and 
no scum layer was formed. However, garbage solids appeared in the 
effluent and the B.O.D. of the effluent was higher than that of the in- 
fluent. Two-story, two-stage heated (90° I.) separate sludge digestion 
tanks receiving ground garbage and fresh solids were successfully op- 
erated, as indicated by the pH value, quantity of volatile acids and 
quantity and quality of gas. 

In tanks actually operating with a narrow margin of capacity, the 
additional load in the form of garbage may give rise to difficulties. 
Griffin estimated that for Greenwich, Connecticut, conditions the 
volatile matter in the garbage would be three times the volatile matter 
removed from the sewage. In all the experiments reported the garbage 
solids have been considerably less than the sewage solids. Indications 
are that garbage solids in excess of sewage solids do not digest. For 
the above reasons the proposal of disposing of garbage with sewage at 
Greenwich was abandoned. 

Keefer (2) concluded from a general discussion of available data 
that it is too soon to predict how satisfactorily and quickly garbage 
‘an be digested with sewage sludge in Imhoff and separate sludge di- 
gestion tanks. 

Chemical Sludge.—With increasing use of chemical coagulation the 
problem of the effect of chemical sludge on the design and operation of 
digestion tanks is developing. Sludge treated with ordinary coagu- 
lants and dosages digests somewhat more rapidly and with lower gas 
yields than ordinary sludge. Owing to the hydrous nature of the 
chemical floc the sludge may be thinner. 

Hendon gives interesting results on the digestion of mixtures of 
raw and chemically treated sludges. The digesters were of the two- 
stage type but were designed for three times the present connected 
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population. The chemical sludge contained 1 per cent solids, which 
increased to 2.5 per cent with 15 hours of storage. Good overflow 
liquor was obtained. 

Some of the points upon which more experimental data are highly 
desirable are solids concentrations and compacting that may be ex- 
pected, drainability and settleability, in decantation tanks, and quality 
of supernatant, all as compared with non-chemical treatments. 

Activated Carbon.—The use of activated carbon has been shown by 
Lawrence and Kichenour to have a beneficial effect on sludge digestion 
at Liberty, N.Y. One of the digestion tanks which had a pH of 6.0 was 
treated with activated carbon for a period of 14 days. The pH of the 
tank contents increased to 6.9. An increase in the temperature of the 
digestion tank was also observed. From Newark, N. Y., T. J. Smith 
reported the following benefits from the addition of activated carbon. 
(1) Increase in temperature and pH of the digestion tanks, (2) increase 
in digestion and absence of foaming, (3) increase in quantity and qual- 
ity of gas, (4) absence of odor in digested sludge. 


INpUSTRIAL WASTES 


Industrial wastes are commonly present in sewage and fresh solids 
but the digestion of solids from these wastes as such has received but 
little consideration. The two following contributions, however, have 
been made. Buswell and Le Bosquet report the results from pilot 
plant experiments of the anaerobic digestion of distillery wastes. The 
slop was passed through two digestion tanks in series. The greater 
part of digestion and gas production was accomplished in the primary 
tank. Liquid from the secondary tank was put back into the primary 
tank for seeding and dilution. The temperature was maintained at 
130° F. The gas yield was 11.0 cu. ft. per Ib. of volatile solids, which 
compares very closely with the gas yield from sewage solids. From a 
raw sereened slop with 3.4 per cent solids and 15,000 to 16,000 p.p.m. 
B.O.D., an effluent with 1500 to 2000 p.p.m. B.O.D. was obtained. Agi- 
tation of the tank contents was helpful. To a 7200 gal. capacity tank 
as much as 550 gal. of slop could be added daily. 

The digestion of pea and cannery wastes in combination with fresh 
and activated sludge is reported by Warrick, Ruf and Holderby. The 
ripe sludge in every mixture was kept constant at 10 per cent of the 
total dry solids and percentage of the wastes in the mixture was in- 
creased with a corresponding decrease in the percentage of fresh and 
activated sludge. The digestion temperature was at 70 to 80° F. for 
the pea waste series and 50 to 70° F. for corn waste series. Mixtures 
in which the pea waste constituted 5 to 20 per cent of the total solids 
gave gas production curves similar to the control. With 70 to 90 per 
cent pea wastes the peak of gas production was considerably delayed. 
With increasing percentage of pea waste in the mixture the percentage 
of CO, in the gas increased and reached a maximum value of 60 per 
cent with 90 per cent waste. The acidity of the mixtures was likewise 
adversely affected by increasing percentages of pea waste. The maxi- 
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mum rate as well as total gas production was materially lowered with 
increasing proportion of corn solids. Ten per cent or more corn waste 
had a pronounced effect on the pH values of the mixtures. The pH 
value with 90 per cent corn waste did not exceed 4.7 during 99 days 
digestion. The odors became offensive with increasing proportions of 
corn waste. It was concluded that with pea wastes in excess of 40 per 
cent, liming and greater digester capacity would be necessary. With 
corn wastes increasing to 10 per cent or more, digestion may be ad- 
versely affected. 

Various Treatments.—Reichle and Sander noted the effect of rotted 
leaves on digestion. Rotted leaves constituting 1 to 2 per cent of the 
tank capacity were added to a separate sludge digestion tank in which 
acid digestion had started. Within a few days after the addition the 
sludge began to produce gas normally. 

Ardern reported experiments on the aerobic digestion of activated 
sludge. One part of seeding sludge (aerobic) to 2 parts (by volume) 
of activated sludge (1 per cent dry solids) were aerated. A 45 to 55 
per cent reduction of organic matter was obtained in 14 days (on the 
basis of the activated sludge). <A high degree of acidity was developed, 
due to nitrification, most of which took place during the first two days of 
aeration. Lime or sodium carbonate was used to correct the acidity, 
840 p.p.m. of NO;-N was produced from neutralized sludge and 160 
p.p.m. from non-neutralized sludge. 

Imhoff Tanks.—A few reports on the operation of Imhoff tanks have 
been made. Mohlman reports the Imhoff tanks at the Calumet Works 
yielded digested sludge with a moisture content of 87 per cent but that 
the moisture content increased to 94 per cent when activated sludge was 
Smith reports that foaming at Elgin, Ill., was stopped once 


— 


digested. 
7.2 by the 


by raising the pH value of digestion tanks contents to 6.8 to 
addition of lime. On another occasion foaming was stopped by remov- 
ing all the sludge. Krum states that at Allentown, Imhoff tanks have 
saused more operating difficulties than any other unit of the plant, seum 
and foaming being two of the main problems. The best remedy is the 
old practice of resting or hosing down. Indications are that the uneven 
distribution of solids into the different Imhoff tanks aggravates the 
foaming in certain tanks. Schlenz has given an excellent discussion on 
foaming in digestion tanks. Among causes mentioned are (1) excessive 
loading (2) increased activity (3) objectionable organisms in sewage 
(4) character of sewage (5) departures of the pH from normal (6) 
viscosity of the liquid or scum (7) character of raw solids loading and 
(8) restricted area of gas vents. 

Tabular Summary of Data.—Certain data from various sources are 
summarized in Table I, and although not complete they allow some in- 


teresting comparisons to be made. Stage digestion is practiced in more 


than half of the plants reported during the year. Almost all the plants 
have some provision for stirring and heating. The Bury results are 
available with and without temperature control and stirring facilities. 
In spite of the fact that it is not possible to attribute definitely the re- 
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sults to one or the other factor as an overall result of heating and cir- 
culation, the capacity was reduced from 6.35 to 1.36 cu. ft. per capita. 
The per capita gas production was higher with heating and circulation. 
The solids in the digested sludge were lower but the ash content was 
higher with heating and circulation. 

Most of the plants are handling primary and activated sludge, the 
latter being wasted to the primary tank. In spite of the wide distribu- 
tion of the plants reported and the variables in sewage character (trade 
wastes) there is uniformity in the per capita gas production, the maxi- 
muin daily variation being from .53 at Bury (without heating and cir- 
culation) to 1.3 to 1.6 eu. ft. at Durham, N. C. (with heating and cir- 
culation). A daily per capita gas production of .6 to .7 cu. ft. seems to 
represent the average for modern tanks (with heating and stirring). 


CHEMICAL TREATMENT 


The operation of the Shades Valley plant continues to yield inter- 
esting data on chemical treatment of sewage. Hendon reports best re- 
sults when chemical sludge from the secondary tank is mixed with the 
influent to the primary tank after a short flocculation period. This 
gives a more uniform sludge of higher solids content, together with 
odor reduction. However, care must be taken to prevent reduction of 
ferric to ferrous iron. With chemical coagulation, the supernatant 
liquor from the secondary (unheated) digester has a much lower solids 
content and B.O.D. than the liquor from single-stage non-chemical di- 
gesters, the liquor containing about 175 p.p.m. of ferrous iron, which 
when oxidized with chlorine gives a clear liquor of less than 10 p.p.m. 
B.O.D. 

Calvert gives an excellent review of cost data on chemical coagula- 
tion processes, compared on the basis of 1,000 lbs. B.O.D. removed, con- 
trasted with similar data for biological processes. He indicates some 
advantages for chemical treatment plants operated seasonally to meet 
changing dilution requirements. 

Baumgartner has presented an analysis of relative costs of ferric 
and ferrous salts under varying conditions and prices, presenting the 
information in the form of useful diagrams and tables. The wide 
range in cost shown indicates the necessity of careful consideration in 
the choice of material. 

At Grand Rapids, Damoose (2) has found ferric chloride to be the 
most effective coagulant, has compared results with and without coagu- 
lant and analyzed the relative costs. His most effective dose averaged 
1.12 gr. per gal.; the most effective coagulating period, 15 min.; the 
most effective settling period, 2 hours. In this connection it is well to 
eall attention to the increase in removal of setteable solids by plain 
flocculation without chemicals which has been observed in several cases, 
and to suggest the desirability of more tests comparing plain sedimen- 
tation, with and without mechanical flocculation, with chemical coagula- 
tion. In chemical treatment plants it may prove advisable to operate 
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the flocculator mechanism continuously as an adjunct to the sedimenta- 
tion process, even when chemicals are not being added. 

Singleton and Frith at Atlanta found that adjustment of pH to the 
acid side with carbon dioxide, obtained from burned digester gas, 
facilitated flocculation and lowered the cost of chemicals. They found 
pre-settling without chemicals disadvantageous under their conditions. 

The advantages of part-time treatments, either during the summer 
season, or to relieve peak loads, is being more frequently recognized. 
The use of chemicals lends itself most readily to such a program. 

At Minneapolis, chemical treatment has been adopted after seven 
years’ study because it meets most economically and flexibly the vary- 
ing dilution requirements of the Mississippi River below Minneapolis- 
St. Paul. Bass states that the final design calls for 3 min. rapid mix- 
ing’, 26 min. flocculation and 2 hours sedimentation, followed by chlorin- 
ation. 

Colorado Springs is to use chemical coagulation and chlorination in 
summer, and plain sedimentation in winter. Lowther reports the 
summer sewage flow to be about twice the winter flow, with ample dilu- 
tion in winter and low river flow in summer; there is also a wide hourly 
variation in sewage flow. Chemical treatment for the 12 day hours in 
summer apparently will be sufficient. The design contemplates a 
detritor, duplicate comminutors, pre-settlement (1.4 hr.) in a primary 
clarifier, flash mixing (1 to 3 min.) with chlorinated copperas, floeeula- 
tion (30 to 40 min.), secondary sedimentation (2 to 2%4 hr.) and final 
chlorination. 

Ardern and Lockett are using chemical pre-treatment to carry peak 
loads in an activated sludge plant, in preference to incurring the capital 
cost of increasing the capacity of the aeration tanks. They use 
‘‘aluminoferric’”’ for coagulant, and the sewage is adjusted with acid 
to pH 6.4. 

Thomas reported the use of continuous chlorination of sewage, on 
the basis of from 25 to 50 per cent of the chlorine demand, to reduce a 
serious nuisance in the River Avon due to septic sludge deposits. He 
reports that the sludge flats became non-septie and remained non-septic 
even during hot summer weather. 

Smith and Purdy in experimental work indicated that chlorination 
of return sludge was useful in combatting bulking of activated sludge 
due primarily to fungus growths, but chlorination was useless against 
bulking due to a light, diffuse floc. Dosage ranged from 0.1 to 1.0 
p-p.m. based on weight of dry solids. The chlorination of activated 
sludge requires close, accurate control to prevent over-chlorination and 
the destruction of desirable plankton. 

Marlow reports on large scale experiments on the use of chlorinated 
copperas in the London sewer outfalls for odor reduction, and especially 
on methods of manufacturing the material at the site. 

Rudolfs and Gehm have published the results of a systematic study, 
in the laboratory, of coagulation by ferric chloride. Employing tur- 
bidity readings to determine degree of clarification, they found that 
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FeCl, had two pH zones of optimum coagulation, at about 2.5 to 3.4 
and 9.5 to 10.5. The exact point shifts within these zones with varying 
degrees of sewage composition and condition (septicity) and with con- 
centration of coagulant. Actual comparisons of turbidity readings 
and suspended solids showed a fairly constant relation, while the tur- 
bidity-B.O.D. ratio was somewhat affected by the sewage character- 
istics. Presettling of the sewage was of no benefit in ultimate results 
nor in economy of coagulant (FeCl;), under normal conditions. With 
especially weak sewages and with coagulation in the alkaline range, the 
presence of settleable solids was slightly beneficial. 

A study of the B.O.D. of the soluble and dispersed substances in 
sewage and the reactions of these substances during chemical treatment 
gave little evidence of any alteration in state with ordinary coagulation. 
In the acid range, pH 3.5, ferric chloride tended to reduce the ‘‘soluble”’ 
B.0.D. by about 10 per cent in fresh sewage and by as much as 30 per 
cent in stale sewage. Ferric chloride alone in higher concentrations 
had a similar effect. In the latter case, however, the result was chiefly 
due to a retarded B.O.D. reaction rather than to actual coagulation of 
material. The rates of oxidation of soluble, colloidal and suspended 
materials were also separately determined and found to be of the same 
order. The ratio of B.O.D. to volatile however is ten times as great in 
the finely divided as in the soluble matter, and about twice as great in 
the coarse suspended as in the soluble. 


MecuHANIcAL KQuIPMENT 


Imhoff reports a tendency in England to discontinue the use of me- 
chanically cleaned bar screens, and to substitute hand-raked coarse bar 
sereens or racks. Spiegel and Reynolds have discussed the use of 
shredders or comminutors in place of screens. Gail suggests the sub- . 
stitution of zig-zag metal plates as used at Highland Park, Illinois, for 
coarse screens. He claims the plates require less maintenance and give 
no trouble from clogging. 

Miller (2) has presented an excellent article on the selection of elec- 
tric motors and controls for sewage works. Walraven (1) prepared 
a detailed article on the choice of type, and maintenance, of sludge gas 
engines, and described (2) the operating results of the Springfield, 
Illinois, installation. As more information becomes available, and with 
more confidence in the use of sludge gas for power generation, there 
is a marked tendency toward heavier, slower engine types especially 
adapted for this service, as contrasted with the higher speed automobile 
types of engine frequently used in the early experimental work. 

The use of rubber lining for steel and wood tanks holding corrosive 
solutions, such as ferric and ferrous chlorides, is increasing. Harkins 
describes methods of applying, bonding and vulcanizing in place sheet 
rubber for this purpose. Self-vuleanizing rubber liquids and plastics 
have also been developed for this service. 

Wyman has installed at Pasadena, California, one of the most com- 
pletely successful pieces of equipment in sewage works history. This 
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is a Cottrell-Royster heat exchanger adapted to the destruction of odors 
from the sludge dryers. The mechanism is simple to construct and 
operate, is entirely effective, and shows very great economies over pre- 
vious types of odor destructors. The equipment appears to be adapt- 
able to the destruction of a wide variety of objectionable industrial 
odors as well as sewage odors. 


FILTRATION 


There is at present a great increase of interest in the trickling filter 
operated at comparatively high rates of from 20 to 30 million gallons 
per acre per day, with and without re-circulation of the filtrate in vari- 
ous ratios to the incoming sewage. At Minneapolis, Halvorson, Savage 
and Piret have been operating experimental trickling filters at 20 to 30 
m.g.a.d., and suggest that at high filtration rates, colloider effect is of 
considerable importance and digestion is negligible. Uniformity of 
distribution appears to have an important bearing on results. Their 
studies indicate that ventilation depends largely on temperature differ- 
ences between air and sewage; that when these temperatures are nearly 
equal, foreed draft ventilation is required; and that in cold weather 
foreed draft ventilation is detrimental. The presence of mold (Fusaria 
sp.) growths in cold weather appears to be detrimental and there was 
some suggestion that this might be controlled by inoculating the sewage 
with small quantities of soil. 

At Chicago, Mohlman (2), using an experimental filter 20 ft. in 
diameter and 8 ft. deep, dosed with Imhoff tank effluent, operated for a 
year at a rate of 23 m.g.a.d. and later at 26.6 m.g.a.d. The settled sew- 
age was applied by a 4-arm rotary distributor. Occasionally forced 
draft ventilation was used, also re-cireulation of effluent, averaging 
about 15 per cent of the influent sewage. The overall B.O.D. removal 
averaged 74.9 per cent, and the overall suspended solids removal aver- 
aged 77 per cent. The filter removed, on the average, 3763 lb. of 5-day 
B.O.D. per acre per day from weak sewage with a B.O.D. of 96 p.p.m. 

Levine, Luebbers, Galligan and Vaughn indicate a removal from 
very concentrated sewage of 5-day B.O.D. of about 4000 lb. per acre foot 
per day at high rates (16 m.g.a.d.) as compared with 400 lb. at 2 m.g.a.d., 
and state that at high rates of filtration there is apparently a consider- 
able transformation of colloids by bio-physical and bio-chemical proc- 
esses to readily settleable material which flushed out of the filters. They 
also tried out ceramic rings or cylinders and special ceramic blocks, as 
filter media, finding them satisfactory for the purpose, the smaller 
evlinders (%4 in. to 1 in. diameter) giving better nitrification than the 
larger cylinders. 

Jenks has experimented with high rate filtration, using shallow 
filters (3 feet), re-circulating a large amount of filtrate (up to five times 
the influent settled sewage) and using two filters in series, the first with 
coarse, the second with fine filter rock. Mechanically cleaned settling 
basins follow each filter, each with a re-cireulation sump. He claims 
results comparable to activated sludge effluent. Experimental sized 
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plants at Salinas and San Mateo are operating and producing an excel- 
lent effluent, and a plant of this type has been installed at the Camarillo 
State Hospital in California. 

Wisely, as a result of the operation of the filters at Highland, Tlinois, 
suggests the advisability of revolving distributors to obtain more nearly 
continuous and uniform application of influent, and also the desirability 
of re-circulation of some of the effluent to dilute and stabilize the in- 
fluent. 

Experimental work on trickling filters appears at present to have 
progressed far enough to indicate that there is a great advantage to 
be gained in increasing the rate of filtration from the conventional in- 
termittent application at low rates (around 1 m.g.a.d.) up to a prac- 
tically continuous high rate of from 20 to 30 m.g.a.d., provided adequate 
ventilation is obtained. The re-circulation of part of the effluent may 
possess merit, at least under some circumstances, but the amount of 
filtrate to be re-circulated is at present a matter of conjecture. Where 
large volumes of filtrate are re-cireulated, as is suggested by Jenks, the 
added cost of larger settling basins and re-cireulation pumps must be 
balanced not only against better oxidation and clarification, if obtained, 
but also against the overall construction and operating costs of other 
processes which produce equal or better results. There appears to be 
need for considerable further experimentation and economic analysis 
of this phase of the problem. 

Trickling filter media are still subject to investigation and discus- 
sion. Levine has tried ceramic media with success. Slater at Chorley, 
England, has compared coke, clinker and sandstone during the past 
nine years, with an indicated advantage for coke. Turner calls atten- 
tion to the value of anthracite coal as a filter medium, which has also 
been used successfully at Bradford, England, as reported by Imhoff (2). 

Trickling filters have also been used in connection with activated 
sludge plants. Miller (1) describes experiments at Reading, Kngland, 
to determine the advisability of using trickling filters to complete the 
treatment of a partially treated effluent of an overloaded activated 
sludge plant, rather than build additional activated sludge units. Ru- 
dolfs (2) deseribes a novel combination at Rotherham, England where 
half of the settled sewage goes to an activated sludge unit and half to 
a trickling filter, with the filter effluent then going to the influent of the 
activated sludge unit. This combination has given better results than 
the former practice at that plant of sending 600,000 gallons daily to 
the aeration tanks and the balance to the trickling filters, for separate 
treatment. 

Work is also being done on enclosed vacuum filters in Germany, 
Holland and at Zurich. Rudolfs (3) reports that at Zurich heated air 
is being used for the ventilation of vacuum trickling filters. 

Singleton and Frith at Atlanta found that small quantities of iron 
(resulting from chemical precipitation) appeared to make sewage 
more amenable to treatment on trickling filters, and enhanced purifica- 
tion. They also found a magnetite filter to be useful for final clarifica- 
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tion, with or without chemical precipitation of the final effluent. Their 
experiments on a 14 m.g.a.d. scale were performed for the purpose of 
determining whether chemical treatment could be used on Imhoff tank 
effluent to reduce the load on their trickling filters. 


CHLORINATION 


The field of usefulness for chlorine and its compounds in sewage 
treatment continues to broaden, often with empirical or experimental 
development preceding any theoretical concept. A report by Rudolfs 
and Gehm (2) however is of decidedly greater fundamental interest. 
The authors have undertaken to develop our theoretical knowledge 
of the action of chlorine upon sewage by some carefully controlled lab- 
oratory experiments. 

Substances typical of the different groups of materials present in 
sewage are studied to determine the effect on chlorine demand. An 
interesting division of the total demand is found to be 30 per cent for 
the settleable material; 17 per cent for the non-settleable; 23 per cent 
for the finely divided, and 30 per cent for the soluble material. Data 
show an increase in nitrogen in the filtrate obtained from chlorine- 
treated finely suspended solids, and theories to explain the indicated 
removal of nitrogenous substance from the bacterial cell are discussed. 

The reduction of microbial enemies and possibly other changes fol- 
lowing chlorination appear to permit large subsequent increases in 
microbial numbers. Satisfaction of the chlorine demand requires about 
7 per cent additional chlorine when split chlorination is practiced, but 
the same quantity (as that used for a single dose) will kill as many bac- 
teria. In discussing the effect of chlorine on oxidation, the authors 
note that the effect of chloro-products seems to be limited to B.O.D. 
incubations of 6 days. The 5-day B.O.D. reduction on 42 samples aver- 
aged 2.4 p.p.m. on fresh sewage and 2.6 p.p.m. on very stale sewage 
for each i p.p.m. of added chlorine. Satisfaction of from 20 to 40 per 
cent of the chlorine demand led to about the same apparent B.O.D. 
reduction as complete chlorination, so that the caleulation of B.O.D. 
removal per p.p.m. of added chlorine may show great variation. This 
correlates with earlier work to show the more marked effect of chlorine 
upon the soluble and semi-soluble portions of the sewage. 

Chlorination apparently retards carbon oxidation for the first 5 
days of incubation, but the amounts oxidized with or without chlorine 
were equal after 10 days incubation. Carbon dioxide production was 
temporarily retarded, indicating that the chlorine oxidized or com- 
bined with the nitrogenous material present and temporarily reduced 
oxidation of the carbonaceous material. This bulletin warrants thor- 
ough study since an attempt is made to correlate several hypotheses 
and to clarify or modify the basic conception of the action of chlorine 
in sewage. 

Chlorine for Disinfection.—Chlorination of trickling filter effluent 
is necessary at Allentown, Pa., according to Krum, because the effluent 
is discharged into the Lehigh River which is the source of the water 
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supply for the City of Bethlehem. Weekly analyses showed that a 
chlorine residual of 0.35 p.p.m. in the effluent of the final settling tanks 
produced an average reduction of 99.92 per cent in the total count and 
of 99.99 + per cent in B. coli. The total count, 1500 per ce. and the 
B. coli, 10 per ec., were lower than the pollution load of the stream. 

Barton and Krebs studied the effect of chlorinated effluents on the 
B.O.D. test. By careful neutralization of excess chlorine with N/40 
sodium sulphite only slight interference from chlorine derivatives was 
found. Sodium thiosulphate, depending on the amount added and 
apparently on the acidity of the sample, always increased the apparent 
B.O.D. Theoretical reactions are given. 

Thomas has presented unusual data on the chlorination of crude 
sewage as practiced at Bristol, England. These tests were conducted 
on each of nine outfall sewers which, by discharge into the River Avon, 
have created obnoxious odor and nuisance troubles. Seven principal 
sewers were subject to tide-locking daily, and by chlorination it was 
attempted to delay putrefaction until aerobic purification occurred. 
Applied through diffusers at a rate equivalent to 25 or 50 per cent of 
the chlorine demand, generally 8 a.m. to 11 p.m. daily, chlorination 
treatment was continued from May to the end of September. Such 
partial satisfaction of the chlorine demand had a definite but incom- 
plete effect on the odor nuisance and prevented the formation of septic 
sludge banks. Equipment did not permit the application of greater 
doses of chlorine, but it is proposed to continue the experiment with 
more adequate satisfaction of the chlorine demand. 

Chlorine and Sludge Bulking—Smith and Purdy conclude from 
microscopical observation that either diffuse floe structure, fungus 
growth, or a combination of the two may cause bulking in activated 
sludge. Under the microscope, they observed the effect of a variety 
of toxic materials on a fungus-laden aerated sludge. Chlorine, in 
proper proportion, appeared to shrink the protruding fungus strands 
in the floc without destroying the normal plankton associated with 
sludge. 

A number of plants have reported upon the control of bulking by 
partial disinfection (See Activated Sludge Section). 

Chlorine in Chemical Coagulation.—With the rapid advance in the 
use of chemicals in coagulation, chlorine and chlorine compounds are 
finding an increased field of usefulness. Chlorinated copperas pro- 
vides a flexible system in which iron and chlorine are independently 
variable and the latter is therefore available for the usual functions 
of disinfection, preserving oxidation-reduction conditions. In several 
of the developments noted in the section on Chemical Treatment, this 
feature of dual or multiple functions of chlorine is prominent. Baum- 
gartner, assuming that in coagulation ferric iron in whatever com- 
bination is of uniform efficiency, finds that under present market con- 
ditions, chlorinated copperas is the most economical form in which 
iron can be applied. 
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Odor Control.—While the use of ferrous chloride, made by the chlo- 
rination of serap iron, has to a large extent superseded chlorine itself 
in odor control, Hosegood finds it advantageous to chlorinate the tank 
effluents at San Bernardino, Cal., in the trickling filter siphon tanks. 
He fails to report whether this treatment is of any help in reducing 
the chlorine dosage required for final disinfection of the filter effluent. 
Such advantage was found at Culpepper, Va. Wisely finds prechlo- 
rination, of 10 p.p.m. with a residual through the tanks, relieves odors 
about a heavily loaded plant, at which final effluent chlorination is neces- 
sary to control stream conditions (fungus). 


' INDUSTRIAL WASTES 


Milk Wastes.—Apparently the only publication on the subject of 
milk wastes treatment which has aroused any great interest in the past 
vear is the report by Barritt covering work done at the Rothamstead 
Experiment Station in England. This report has been abstracted or 
more or less completely reported in several American publications. 
| Barritt recommends that milk wastes be pretreated in a septic tank 
before dosing on a trickling filter in order to remove the butter fat, 
which may be a serious cause of filter clogging. This is rarely a factor 
in American plants where milk wastes usually originate from skimmed 
milk. The use of the septic tank is apparently a backward step in milk 
wastes treatment, for this method has long ago been tried and found 


to be attended by serious odor and digestion troubles. 

Barritt mentions that an alternative is to use two filters operating 
in series and to change the order of dosing when the first one shows 
signs of clogging. The clogged filter then becomes unclogged when 
| operating as the second in the series. Barritt does not suggest, how- 


ever, that the trickling filter can be replaced as the principal means 
| of milk waste treatment. 

. In New York, Roberts points out that one of the best methods of 
| attacking the creamery waste problem is that of cutting down the 
amount and strength of the waste at its source. By improved plant 
operation the amount of waste may be reduced as much as 50 per cent. 
He also mentions a new development, showing promise, which consists 
: of removing lactose by yeast fermentation, with the commercial recov- 
: ery of aleohol and the lactose-albumin-yeast precipitate, which may be 
used for feeding. 

Levine, Nelson and Goresline have shown the value of a short 
dosing eycle in the treatment of creamery wastes. They report a 95.5 
per cent reduction in oxygen consumed for a 214 min. cycle, an 89.7 
per cent reduction for a 10 min. cycle, and an 81.7 per cent reduction 
for a 22 min. cycle, while using quartzite. With fine materials such as 
cinders the length of dosing cycle was of little significance. 

Warrick and Beatty state that results in Wisconsin confirm pre- 
vious conclusions that the trickling filter is the best method of 
treatment. 
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Wisely was faced with a problem at Highland, Illinois, where an 
existing Imhoff tank installation was totally incapacitated by the dis- 
charge of milk plant wastes, constituting 55 per cent of the volume of 
the normal sewage flow, to which there was to be added the wastes from 
a rehabilitated brewery. The situation might probably be classed as 
industrial rather than domestic. A complete redesign, including sludge 
digestion and trickling filters, gave adequate relief. Damn and Bock 
describe the use of copper sulphate (2 lbs. to 250 eu. ft. of wastes), 
obtaining a good floc; the settled wastes were then filtered through a 
back-washed sand filter. The filtrate was clear but highly putrescible. 
It is difficult to see any advantage in this process, as the copper content 
would probably interfere with any subsequent biological treatment. 

Sulphite Wastes——Merryfield has studied the very difficult wastes 
resulting from sulphite pulp manufacture. These wastes average 
about 2,000 gal. per ton of pulp, and the oxidizable matter averages 
about one ton per ton of pulp. Typical sulphite waste has 117,000 
p.p.m. solids, practically all soluble, and the 5-day B.O.D. ranges from 
16,000 to 25,000 p.p.m. The best promise of ultimate solution of this 
problem appears to lie in utilization of the wastes for by-products such 
as cattle feed, fertilizer and fuel. Pending such utilization, ponding 
and aeration appear to be helpful, but there is need for large scale 
experimentation on the treatment of these wastes. 

Benson and Partansky have compared aerobic and anaerobic de- 
composition of sulphite wastes in the laboratory, and find that under 
aerobic decomposition the ultimate end products are carbon dioxide and 
water; under anaerobic decomposition the end products are carbon di- 
oxide and methane, and the process is extremely slow, requiring several 
months for completion. Lignin is decomposed very slowly, but its 
oxygen demand is but one-fifth that of the erude waste. Under certain 
controlled conditions, with inoculation of special organisms, the wood 
sugars can be converted into butyric and acetic acids in two days; the 
acids can then be recovered by distillation, leaving only the relatively 
stable lignins. 

Warrick says that the outstanding development in this field in 1935 
was the installation of the Howard process for reclaiming pollutional 
substances in sulphite wastes on a mill-seale basis. It has an efficiency 
of 75 per cent or better in the reduction of the high B.O.D.’s of these 
wastes. 

Tanning Wastes.—Little progress has been reported in the develop- 
ment of methods of treating tannery wastes. Strell (2) emphasizes the 
difficulty of treating tanning wastes, particularly because they interfere 
seriously with biological processes. He claims that some tannery 
wastes require a dilution of 1 to 25,000 to eliminate the detrimental 
effects of the chrome wastes. He suggests the use of mechanical de- 
vices, secondary chemical treatment, and final chlorination. It is dif- 
ficult to understand the value of chlorination in treating a waste which 
in itself inhibits biclogical activity. 
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Warrick and Beatty describe results in Wisconsin, pointing out 
that considerable progress has been made. In one plant the first at- 
tack was to distribute the wastes evenly over the full 24 hours. In 
another the only pre-treatment before mixing with domestic wastes is 
a 20-mesh rotary screen unit. Sludge from tannery wastes was suc- 
cessfully digested when mixed with domestic sewage sludge if the con- 
centration of the former did not exceed 40 per cent. Chemical pre- 
cipitation, it is stated, may be a promising preliminary treatment. 

Eldridge found that in one tannery the lime wastes should be treated 
separately, using a coagulant and sedimentation, while in another plant 
it was best to combine the lime wastes with the other wastes for 
treatment. 

Cannery Wastes.—Results of cannery wastes treatment as reported 
by Warrick and Beatty indicate that pea canning wastes are the most 
difficult to treat. Forty plants in Wisconsin use ferrous sulphate and 
lime (3144 and 744 pounds per 1,000 gallons of pea canning wastes). 
It is relatively easy to overload activated sludge plants with pea can- 
ning wastes. Not more than 20 per cent of pea canning solids can 
be readily digested with domestic solids. Alum and lime are used 
suecessfully in treating kraut wastes. For all canning wastes trickling 
filters provide a high degree of treatment. The per cent efficiency 
drops off rapidly with increase in loading, but this is less apparent 
with preliminary aeration, indicating that the latter may be a distinct 
advantage. One plant screens and aerates (2 hours) the canning waste 
before mixing it with domestic sewage. 

Packing House Wastes.—An overloaded plant treating packing 
house and domestic wastes at Sioux Falls was modified after a period 
of operation of an experimental plant. The revised plant, as reported 
by Estabrook, provides for ferric chloride treatment of the packing 
house wastes before treatment with the domestic wastes. The plant 
consisted originally of 4 acres of trickling filters 8 to 9 feet deep. To 
this installation has been added an activated sludge tank for treatment 
of the effluent of the trickling filter units. The plant is so designed 
that the packing house wastes, which constitute 50 per cent of the 
sewage flow, or the domestic sewage can be treated independently either 
through the activated sludge plant or through the filter plant. The 
results obtained from this plant will be watched with considerable 
interest. 

In experiments by Levine, Leubbers et al on the treatment of pack- 
ing house wastes on deep coarse-rock aerated filters at high rates of 
filtration (7 m.g.p.a.p.d.) it was demonstrated that 2,200 to 2,700 pounds 
of B.O.D. could be removed by filtration in place of the customary 360 
pounds per acre foot per day. 

Levine calls attention to the fact that a considerable portion of the 
B.O.D. reduction by filtration and post-sedimentation may be attributed 
to flocculation of the colloids by the filter and that this action was par- 
ticularly noticeable at the high rate 8,000,000 to 16,000,000 gallons. 
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Beet Sugar.—Eldridge reports on extensive experiments on the 
treatment of beet sugar mill wastes at Bay City, Michigan. He found 
that lime treatment of combined flume and process wastes was not eco- 
nomical; plain sedimentation for 2 hours, with continuous sludge re- 
moval, reduced the suspended solids in the flume waste 90 per cent and 
the B.O.D. 35 per cent; for process waste alone, coagulation with lime 
was warranted. On flume waste, grit chambers with continuous grit 
removal were needed. The addition of Steffens waste to combined 
flume and process wastes gave good results when floceulated for 15 min. 
and settled for 1144 hr. with continuous sludge removal, and with the 
use of small amounts of lime at times, 99 per cent of the suspended 
solids and 45 per cent of 5-day B.O.D. was removed. Vacuum filtration 
was applicable to the sludges and to the concentrated lime slurry. Bio- 
logical filtration was not justified except in extreme cases where stream 
dilution was limited. Further studies are required on the treatment of 
Steffens wastes with by-product recovery as an objective. 

Miscellaneous.—Sciver suggests that industries should adjust their 
wastes to a pH range between 7 and 8, to reduce interference with treat- 
ment processes and to prevent damage to structures and equipment. 
Especially foul wastes should be chlorinated, and chemical precipita- 
tion may be required in some cases. He also suggests the desirability 
of equalization of the rate of discharge of such wastes into the sewers. 

The Textile Foundation has compiled and published in 1936 a sur- 
vey of available information concerning the treatment of textile wastes. 
Wastes from the various mills differ widely in their treatment require- 
ments, but in general chemical precipitation followed by either mechani- 
eal filtration or biological treatment appears to be necessary. 

It is pointed out by Powers that even in Michigan the brine from oil 
fields creates a serious disposal problem. He remarks that in contrast 
with other wastes the only treatment for chlorides is dilution. 

Kalibina reports that phenol wastes decomposing in a stream dis- 
appear more rapidly in summer than in winter. Traces are more diffi- 
cult to destroy than are larger quantities. 


StrEAM PoLLUTION 


During the past year, the most important developments in the United 
States with reference to stream pollution and its control have been the 
rapid erystallization of public sentiment favoring a concerted govern- 
mental effort to solve the problem and the practical advances made in 
this direction through interstate cooperation. 

Legal and Legislative.—On the legislative side two general move- 
ments, one originating in national sportmen’s and wild life protective 
associations and the other among civic and business organizations in 
the Ohio River valley during the year 1934, enlisted widespread support 
throughout the country and led to the introduction of several bills in 
the United States Congress designed to bring about a more active par- 
ticipation of the Federal Government in stream pollution control. The 
first of these two movements found expression in the Lonergan Bill, 
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providing for the permanency of the National Resources Committee 
and for giving this committee wide power in stimulating and actively 
promoting waterways sanitation measures in the various States. The 
second movement finally centered itself in the Barkley-Vinson Bill, 
which was passed by both the House and Senate but failed of enactment 
through being recalled in the Senate for further consideration. This. 
bill provided for creating a new division of stream pollution control in 
the Public Health Service and for giving this division sufficient funds 
to assist the States in carrying out their own programs of corrective 
measures, either singly or collectively through interstate compacts or 
treaties. 

In this connection, it may be noted that during the last session of 
Congress an Act was passed authorizing the Connecticut River valley 
states to enter into a treaty for joint regulation of pollution in this river 
system. Under an amendment of this Act, similar authority was ex- 
tended to the 14 states in the Ohio River watershed. A joint treaty 
commission is now being organized by the governors of several of these 
Ohio River states, with a view to drafting a compact and submitting it 
to their respective legislatures for ratification. 

Definite progress has been made in the completion of a tri-state 
agreement between New York, New Jersey and Connecticut for con- 
trolling pollution of the waters surrounding metropolitan New York 
and its environs. Under the terms of a compact between these three 
states, an Interstate Sanitation Commission has been established. In 
January, 1936, the New York legislature passed and the Governor 
signed an Act authorizing the appointment of four commissioners from 
that state and defining the powers, duties and territorial jurisdiction 
of the commission. 

An extensive printed record (U. 8. Senate), of hearings held before 
the Senate Committee on Commerce in February, March and May, 1936, 
on the various stream pollution control bills introduced into Congress, 
as above noted, contains information concerning the extent and the pres- 
ent status of stream pollution throughout the country. In connection 
with the testimony, it was estimated by Velz that, of the 128 millions of 
total population of the United States in 1935, 64 millions were sewered 
and 24 millions served by sewage treatment. The net effect of treat- 
inent, however, reduces the total pollution equivalent of this population 
by only 6 millions, leaving an equivalent of some 58 millions discharging 
sewage into the inland and coastal waterways of the country. Mr. 
Velz estimated that, assuming a 50 per cent reduction in the total sew- 
age pollution through treatment applied to the entire sewered popula- 
tion, the total cost of such a program would approximate $750,000,000. 
[f amortized over a 25-year period, the annual cost, including interest 
and carrying charges, would amount to $39,700,000, or 31 cents per 
capita of the whole population. 

Industrial Waste Pollution.—In other testimony submitted at the 
Senate hearings, the importance of industrial wastes as an element in 
the total amount of polluting matter discharged into streams was 
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emphasized. In the New York metropolitan area alone, according to 
Holmquist, the wastes from 100,000 industries are discharged daily into 
the coastal waters of this district. In a memorandum submitted by 
Hoskins, it was estimated, from the results of surveys by the Public 
Health Service, that the total amount of organic pollution originating 
in industrial wastes exceeds that of the domestic sewage contribution 
in the Ohio River watershed and is 85 and 92 per cent, respectively, of 
the latter in the Illinois and upper Mississippi river basins. These fig- 
ures indicate that the total organic pollution contributed by industry is 
roughly equal to that contributed as domestic sewage. 

In this connection, the results of a recent survey of industrial wastes 
in New Jersey, as reported by Rudolfs, are of particular interest. 
From these results, it was estimated that the quantities of wet sludge 
produced by the industries over the whole state amounted to 700,000 
tons per year, as compared with 900,000 tons of sewage sludge. The 
‘‘nopulation equivalent’’ of these industrial wastes was estimated at 
about two-thirds of the total population of the state. 

Purification in Impounded Rivers and Lakes.—Owing to the eco- 
nomic situation, intense interest has been manifested by German engi 
neers and chemists in the possibilities of utilizing impounded rivers and 
lakes as an integral part of sewage purification schemes. Imhoff and 
Mahr have been among the leaders in this movement and have been 
largely instrumental in showing the possibilities of natural sewag« 
treatment in German rivers. Notable among the working systems de- 
veloped have been those in the Ruhr and Wupper rivers, where remark- 
able results have been obtained through the controlled dispersion of 
sewage into lakes formed by impounding these rivers. These systems 
are, in a biological sense, somewhat closely related to the fish ponds 
which have been used for several vears past in Germany for the treat- 
ment of settled sewage. Interesting descriptions of the largest instal- 
lation of this kind, located at Munich, have been given by Falck and by 
Schillinger. The sewage of 700,000 persons, well clarified and diluted 
with three volumes of pure water, is discharged through ponds having 
a total area of 550 to 575 acres. Falck states that one acre of pond can 
treat the settled sewage of 800 to 1200 persons and may produce 1600 
pounds of healthy carp per year. 

In discussing the practical utilization of natural purification in con- 
nection with sewage disposal, Imhoff points out that judicious introduc- 
tion of sewage into streams, in concentrations such that rapid self-puri- 
fication can take place, may be more satisfactory than construction of a 
large number of individual disposal plants along a stream course. As 
aids in self-purification he lists: (1) dams, where velocity is checked, 
water surface increased and sedimentation may occur with decreased 
oxygen demand; (2) turbulent sections where atmospheric oxygen is 
replenished; (3) artificial dilution with pure water in badly contami- 
nated streams; (4) artificial aeration by air injection or mechanical 
agitation; (5) flushing or jetting with auxiliary water, whereby violent 
agitation aids in oxygen absorption, and (6) dredging bottom deposits. 
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Mahr notes the variable biological purification accomplished in Heng- 
stey Lake, which was built to retain iron sludge discharged by the 
Lenne River into the Ruhr. He also shows how to calculate the amount 
of oxygen which may be available in a given lake of known dimensions, 
flow, ete., to meet oxygen demand requirements. In this connection, he 
adds that in a polluted lake the very fine suspended solids must be re- 
moved as completely as possible. Mechanical filtration of sewage, 
though unusual at present, has given favorable experimental results at 
the Wupperverband. 

Discharge of Sewage into Tidal Waters.—The problems incidental 
to discharging crude sewage into tidal waters have received much at- 
tention for many years, dating back to the classic study of New York 
Harbor by Black and Phelps nearly 25 years ago. A novel large-scale 
development in a similar problem has been described by Thomas in the 
historic river Avon at Bristol, England. (See Section on Chlorina- 
tion. ) 

Basic Research.—Experimental studies of natural stream oxidation 
have been continued at the Cincinnati station of the U. S. Public Health 
Service. The results of an extensive series of experiments on the 
effects of variations in depth, temperature and velocity of flow on rates 
of atmospherie reaeration in flowing streams of pure water were pub- 
lished early in the year. From these experiments it was concluded that 
the rate of absorption of atmospheric oxygen at the water surface, 
which is the primary factor governing the rate of reaeration of the 
underlying body of water, appears to be practically independent of the 
volume of water, but is influenced by temperature, oxygen saturation 
and degree of surface agitation. Velocity of flow was shown to exert a 
powerful effect on the reaeration rate with velocities exceeding about 
10 feet per minute, which appeared to mark the point of transition from 
laminar to turbulent flow under the experimental conditions. For 
velocities less than 10 feet per minute, the rate of reaeration was ob- 
served to follow closely the laws of hydrodiffusion, as shown originally 
by Black and Phelps in connection with their studies of New York 
Harbor. 

That the presence of sewage, or of sewage sludge, appears to retard 
the rate of absorption of atmospheric oxygen by flowing streams of 
water has been indicated by the results of further experiments carried 
out at the Cincinnati station. Parallel observations with various sub- 
stances known to be present in sewage and which alter the surface ten- 
sion of water in which they are present have shown similar retarding 
effects. Among the substances tested have been soaps, oils, fatty de- 
rivatives, urine and feces, all in concentrations roughly the same as 
ordinarily found in sewage. These observations have thrown some 
light on the possible reasons for the behavior of sewage in this respect 
and the entire series of experiments has given a very significant indica- 
tion of the two-fold burden imposed by sewage on streams, namely, in- 
creasing the oxygen demand and retarding the recovery of atmospheric 
oxygen to support natural oxidation. 
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From France has come very recently an interesting monograph, by) 
Leys, dealing with a study of rates of oxidation and of oxygen recover) 
in a small eanalized tidal river, the Aa, located in northern France and 
flowing into the North Sea. After reviewing basic studies of the sub- 
ject by the British Royal Commission on Sewage Disposal and the 
United States Public Health Service and noting the contributions by 
Frankland, Phelps, Adeney and other workers, the author discusses the 
results of his measurements in the River Aa, with particular reference 
to the applicability of the Phelps biochemical oxidation formula, 
which, following certain British writers, he designates as ‘‘Phelps’ 
rule,’’ to the progressive decrease in B.O.D. in the laboratory test and 
in a polluted natural stream, and likewise the applicability of formulae 
and methods developed by Phelps and Streeter for calculating, from 
laboratory B.O.D. tests, progressive rates of oxidation and atmospheric 
reaeration in polluted streams. 

From the results of his observations, of which he cites typical ex- 
amples, the author concludes: (1) that when due allowance is made for 
disturbing factors (inflowing dilution, intermediate pollution, sedi- 
mentation, ete.) the course of progressive oxidation conforms to 
Phelps’ rule in the stream as in the laboratory; (2) that the first-stage 
oxygen demand is the most rational measure of the pollution of waters; 
(3) that comparison of the first-stage B.O.D.’s at any two points in a 
stream, separated by a distance corresponding to a time of flow of one 
to three days, affords the optimum procedure for a stream survey; and 
(4) that the method of calculating reaeration as applied by Phelps and 
Streeter to large American rivers is also applicable to a smaller stream 
like the River Aa. 

In several German papers published during the past year, consider- 
able inierest has been manifested in the same quantitative methods of 
studying natural oxidation and reaeration as dealt with by Leys in his 
monograph. <A very practical reason for such an interest is evidenced 
by the thoroughness with which German engineers and chemists are 
studying the possibilities of utilizing more fully and skilfully the natu- 
ral purification capacities of their rivers and lakes in connection with 
extensive stream sanitation programs. This tendency merits attention 
from engineers in the United States, who are faced with similar prob- 
lems on an unprecedented nationwide seale. 
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STUDIES OF SEWAGE PURIFICATION 


VI. BIOCHEMICAL OXIDATION BY SLUDGES DEVELOPED BY 
PURE CULTURES OF BACTERIA ISOLATED 
FROM ACTIVATED SLUDGE 


By C. T. Burrerriretp, C. C. Rucsuort, anp P. D. McNamee 


Principal Bacteriologist, Principal Chemist and Assistant Chemist, U. S. Public Health Service, 
Cincinnati, Ohio 


The research studies of the activated sludge process of sewage 
purification being carried on by the Stream Pollution Investigations 
laboratory of the United States Public Health Service at Cincinnati, 
Ohio, under the direction of Senior Sanitary Engineer J. K. Hoskins, 
include an investigation of the fundamental mechanism of the process. 
During recent years there has been intensive study of the activated 
sludge method of sewage treatment and many theories of the funda- 
mental mechanism of the process have been proposed. In our studies 
of the total purification accomplished by activated sludge treatment, 
those portions of the purification which, after various periods of aera- 
tion, may be ascribed to (1) biochemical oxidation, and (2) adsorption, 
which necessarily includes material utilized for the synthesis of new 
sludge solids, have been investigated. A study has also been made of 
those biological, chemical and physical factors which facilitate or deter 
these basic phenomena of the process of total purification. 

To avoid the confusion of involved results, each report as far as 
possible will deal with only one phase of the process and the data rela- 
tive thereto. The present report will be confined to a study of the 
biochemical oxidation of organic matter occurring in sterilized natural 
sewage and in synthetic sewage when treated with active sludges de- 
veloped by pure cultures of bacteria isolated from treatment plant 
activated sludge. In this report it will be shown that bacteria isolated 
from normal activated sludge can be made to reproduce similar sludge 
in pure culture and that this pure culture sludge exhibits oxidation 
characteristics similar to those of normal activated sludge. 

Review of Literature. Edwards’ has reviewed activated sludge 
theory and Theriault? has recently presented considerations on the 
rate and mechanism of sewage clarification. Streeter * summarized the 
work on rates of natural oxidation and showed that the oxidation re- 
action is proportional to the biochemical oxygen demand and follows 
the equation expressed by Theriault,’ 


X: = LE (1-10°**') (1) 
where 
X;: =the B.O.D. oxidized in time f, 
I, =the initial total B.O.D., 


and 


kK =a velocity constant of 0.1 at 20° C. 
173 
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This low-rate biochemical oxidation reaction has been assumed to 
hold for all sewage-sludge oxidation reactions. Higher rates of bio- 
chemical oxidation have not been demonstrated conclusively up to the 
present time and observations indicating higher rates of oxidation usu- 
ally have been ascribed to immediate or chemical demand. 

The first study of rates of oxygen absorption by activated sludge 
was published by Grant, Hurwitz and Mohlman.* In this pioneer work 
the authors concluded that the rate of oxygen absorption for activated 
sludge was fairly uniform, that the rate was proportional to the organic 
(volatile) matter of the sludge and that this rate for Chicago, North 
Side, activated sludge averaged about 7.0 milligrams of oxygen per 
gram of sludge per hour. They calculated the oxygen absorbed re- 
quired to oxidize sewage by subtracting mean oxygen absorption values 
for activated sludge alone from the corresponding values for sludge 
plus sewage. 

Theriault and McNamee * determined the rate of disappearance of 
oxygen in a sludge taken from an artificial stream channel and aerated 
in a closed system. It was found that the rate of oxidation for this 
sludge was much higher than could be accounted for by the biochemical 
oxidation rate in diluted sewage or natural waters. This high rate of 
oxidation was explained by them on the basis of two simultaneous uni- 
molecular reactions, the first of these representing the normal bio- 
chemical oxygen demand and the second the so-called ‘‘immediate’’ 
oxygen demand. The expression representing the reaction is: 


Y = L, (1-10*:') + L, (1-10-*:*), (2) 
where 


Y = the oxygen demand in time ¢ in days, 
L, and L.—constants for the total first stage demand, due respec- 
tively to biochemical oxidation and immediate demand, 
kK, = the velocity constant for the normal biochemical demand, 
equals 0.1. 
and «,= the velocity constant for the immediate demand. 


The higher rate oxidation (Z.), in these experiments, was practically 
complete in 20 hours and represented about 20 per cent of the total first 
stage demand (Z,+ L.). The authors ascribed tentatively this high 
rate ‘‘immediate’’ demand to enzymatic action, and ruled out the pos- 
sibility that it might be due to a high rate biochemical oxidation re- 
action. 

Kessler and Nichols,’ using a dilution method and short periods of 
observation (six to ten minutes), showed that the deoxygenation rate 
of sewage-activated sludge mixtures decreased rapidly during the first 
few hours. They observed that the maximum rate of deoxygenation 
of these mixtures was apparently dependent upon the sewage strength 
(B.0O.D.). Furthermore, using Nordell’s original empirical expres- 
sions, they found a fairly constant relation between the total oxygen 
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used at the maximum rate by activated sludge-sewage mixtures and 
the 5-day B.O.D. of the sewage being treated by a given activated 
sludge. The factor for this relation varied from 6.0 to 13.0 for various 
activated sludges. This is an important observation because it sug- 
gests that the deoxygenation reaction in sewage-activated sludge mix- 
tures is a biochemical one in which the sludge organisms are the agents 
that oxidize sewage organic matter at rates very greatly increased over 
those which occur in sewage alone. The experiments of Woolridge and 
Standfast,* also reported by Topley,’ showed that when sewage was 
added to activated sludge there was an increase in the rate of oxygen 
absorption over that observed in activated sludge alone or in sewage 
alone. These experiments also indicate a more rapid biochemical 
oxidation of sewage organic matter by activated sludge than occurs in 
diluted sewage or in streams. 

Goldthorpe obtained rates of oxygen absorption by activated 
sludges from 0.021 to 0.173 milligrams of oxygen per gram of sludge 
per minute. In three experiments he determined the oxygen used by 
the sludge alone and immediately afterward the oxygen used by the 
sludge diluted with tank effluent. The data obtained were as follows: 


MILLIGRAMS OF O, ABSORBED PER MINUTE PER GRAM OF SLUDGE 








Digerenients Nain beEr ce Oth oh Ave nyt tu Sen A NGA at iat ud aoe | 4 | 5 6 








molt) zag ria! fey? | 12a 0 76) RR) .) aA re ee ar 


Sea MURR ES RMSE CSD 2s Oar ieee Oy tM rs OWE SE ey Mie or Micah Le Dale SAN ae alah 
Number of times rate was increased by addition of tank effluent......... 6.7 3.28 


0.173 | 0.095 | 0.124 
0.0259} 0.029 | 0.023 
5.4 








This illustrates the importance of the liquid substrate B.O.D. upon the 
rate of oxygen utilization of the sludge mixture. Goldthorpe’s Hud- 
dersfield, reaerated, concentrated sludges apparently have very little 
dissolved food material in their liquid substrate. Consequently their 
rates of oxygen absorption are very low. When tank effluents, which 
still have considerable B.O.D. or dissolved organic food material pres- 
ent, are added to these sludges, the rate of oxidation increases tremen- 
dously as is illustrated in these experiments. 

Heukelekian * studied oxidation rates in activated sludge-sewage 
mixtures by determining the carbon dioxide produced. He confirmed 
Wooldridge and Standfast’s observations that the oxidation rates in 
sewage-activated sludge mixtures were generally higher than occurred 
in the sewage and sludge separately. He also observed that in some 
cases a definite retardation of the oxidation rate took place when sludge 
and sewage were mixed. Activated sludge, however, showed a more 
rapid rate of oxidation than fresh solids even though the fresh solids 
contained a greater amount of oxidizable material. These experiments 
indicate again that when activated sludge with its established massive 
aerobic flora is aerated, high biochemical oxidation rates are obtained. 

McNamee ” determined the rates of oxidation in sludge alone and 
in mixtures of sludge plus sewage, using the same sludge in each case 
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and carrying out the tests simultaneously. He assumed that the oxida- 
tion of the sludge at the same temperature and pH would be the same 
in each ease and that the difference between the results obtained would 
represent the oxidation of the sewage by the activated sludge. From 
his studies with three sludges he concluded that the soluble and col- 
loidal matter in sewage is oxidized much more rapidly than has been 
realized and that a large part of the oxidation required for the stabili- 
zation of the oxidizable substances present in sewage occurs during the 
first few hours of contact with ‘‘good’’ activated sludge. 

Butterfield ** reviewed that portion of the literature of activated 
sludge which deals with the significance of the bacteria in this purifica- 
tion process and reports the isolation of a zooglea-forming bacterium 
from activated sludge. This zoogleal organism, in pure culture, in 
sterilized sewage under aeration produced a floe which simulated acti- 
vated sludge. This pure culture floc was shown to bring about, during 
a 3-hour aeration interval, a 41 to 84 per cent removal of the oxidizable 
material present in sewage. Such an extensive purification in such a 
short period suggests that this organism, or organisms of this type, are 
of very definite importance in this process. This purification was 
measured by determining the total amount of oxidizable material re- 
moved from the sewage without reference to the mode of its removal. 
It may have been adsorbed by the pure culture sludge, it may have been 
oxidized biochemically by the massed bacteria in the sludge, or both of 
these factors may have played a part in the purification process during 
the 3-hour aeration intervals. 


EXPERIMENTAL WorkK 


Methods. Data will now be presented showing the portion of this 
total purification accomplished by pure culture sludges which can be 
attributed to biochemical oxidation. 

1. Isolation of Bacterial Cultures.—tIn isolating cultures for this 
study, an effort was made to select organisms from good activated 
sludge which appeared to make up a marked and, in some eases, a 
major proportion of the bacterial content of the sludge. A number 
of cultures have been isolated from sludge produced in the Station ex- 
perimental plant and from activated sludges developed in regular plant 
installations in two other locations. The procedure followed in mak- 
ing the isolations was essentially the same as that previously used and 
described by one of us (Butterfield**). The fundamental character- 
istics of the bacteria thus isolated suggest that they all belong to the 
same general group of organisms as the zooglea-forming bacterium 
previously described. These cultures were isolated and propagated 
in synthetic media and in sterilized sewage. Ample precautions were 
taken in each instance to insure the purity of the cultures employed. 
Three different strains of zoogleal bacteria were used in these experi- 
ments. One of these strains was isolated from the Station experi- 
mental plant while the other two were obtained from two separate 
samples of activated sludge from the Lancaster, Pa., plant. 
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2. Substrates.—Sterile substrates were essential for the develop- 
ment of pure culture sludges. Two kinds of substrate were employed: 
(a) natural sewage sterilized by steam pressure in the autoclave, and 
(b) synthetic sewage, 7.e., solutions simulating natural sewage. 

(a) Natural Sewage.—Sterilization by heat was adopted as the 
most satisfactory procedure for obtaining a sterile natural sewage. 
While it is recognized that this procedure changes the natural condition 
of the sewage, experiments which have been conducted have shown that 
it altered the sewage less than other methods of sterilization which 
were available and that the sewage sterilized thus was adequately suit- 
able for the development of good activated sludge. To determine defi- 
nitely the difference which might exist between sludges developed on 
sterilized sewage and sludges developed on portions of the same sewage 
left in its natural state, the following experiments were carried out. A 
mixture of good activated sludge and sewage was collected and 8 liters 
were placed in each of 2 aeration vessels, labelled A and B. Aeration 
was continuous at the same rate in both vessels except for 30-minute 
periods each day when the sludges were allowed to settle. At this 
period each day 5 liters of supernatant were withdrawn from each and 
in A this was replaced with 5 liters of fresh natural sewage while in 
B it was replaced with an equal amount of the same sewage which had 
been sterilized by heat and cooled prior to use. After this procedure 
had been carried on over a period of 48 days, through 41 such changes, 
the residual sludges were tested. These tests included suspended solids 
determinations, ash analyses and determinations of purification effi- 
cieney when the sludges were dosed with aliquot portions of the same 
natural sewage unsterilized. The purification efficiency was measured 
(by tests fully described later in this text), in each case after Y, 2, 4 
and 24 hours aeration by the total oxidizable material removed from 
the supernatant, by the amount of pollutional material oxidized bio- 
chemically, and by the amount of oxidizable material adsorbed by the 
sludges. The agreement between the results obtained from the two 
sludges was excellent, in no instance differing by more than 5 per cent. 
This finding was considered a very definite indication that sewage 
sterilized by heat could be safely employed in our studies. 

(b) Synthetic Sewage—The development of sludge in sewage under 
aeration has been universally observed. The source of this sludge has 
been to a great extent a matter of conjecture and theory. In sludge 
developed from normal sewage the source might readily be the solids 
present altered somewhat by aeration and physical changes, or this 
sludge development might be aided by biological growth or by the pre- 
cipitation of dissolved and colloidal constituents of the sewage. To be 
able to observe accurately the influence of pure cultures of bacteria in 
sludge production and in the oxidation of pollutional material by such 
sludge it was pertinent, in at least a few tests, that these bacteria be 
permitted to develop in solutions containing essentially the same dis- 
solved constituents as sewage but which were entirely free from detritus 
and suspended substances of any description. Under such conditions 
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in a solution perfectly clear and free from all undissolved particles, 
sludge production should be readily observed and, if produced, could 
be definitely attributed to the activity of the bacteria present in pure 
culture. A stock solution of such characteristics was prepared and 
used in certain of our tests. The composition of this synthetic sewage 
was as follows: 


SoD ASIN, MSHOLOUOTAGG 2655660650109. sisuuivie saws se 0.3 gram 
PERG CRORSE MOL. BUIDOUIR: «6.5.5.0 <6 oss saa sce aewwae sae oe 0.2 gram 
ee NRE oo a tacos, 2 'ein:'8.o) > wala’ ale oie! @ 5 cain o\ 0.05 gram 
Disodium hydrogen phosphate, C.P. ................. 0.05 gram 
SORRSMNETD REET RG, 1 so Sia soo sce 05.0% Sid is wee aie so awd 0.015 gram 
Te TE Ge te ee 0.007 gram 
SOR RAN UCR ECI TMMNES SIR Ic dn isso hints So 0g sew ois fa sisie FS Misi Oe 0.007 gram 
Pe ONN MFIREEE AGM. 5.5 5s 25s cients Weiss de eb ose 0.005 gram 
PEE U1] RS SoS ee oa re are 1000 ml. 


After sterilization this substrate was perfectly clear and had a 
hydrogen ion concentration of pH 7.3 to 7.4. The mineral salt content 
was approximately the same as that of sewage. The urea content was 
calculated to be about the same as that of domestic sewage, basing the 
calculation on Hawk and Bergeim’s™ data for the average amount of 
urea in urine excreted per capita per day and assuming the average 
daily pumpage of water per capita as the normal dilution. Sufficient 
peptone and meat extract were added to the solution to make its bio- 
chemical oxygen demand approximately the same as that of a strong 
domestic sewage. The pure cultures of bacteria being studied in these 
tests developed a well organized floc under aeration in this synthetic 
sewage in from 24 to 48 hours after inoculation. This floe would con- 
tinue to accumulate under the conditions of the tests until a well de- 
veloped sludge was present. Microscopic examination of these flocs 
revealed that they were composed principally, if not entirely, of closely 
packed masses of bacterial cells surrounded by a gelatinous matrix. 

3. Production of Pure Culture Sludge.—In developing the pure cul- 
ture sludges for use in this series of experiments the procedure was the 
same with sterilized natural sewage and synthetic sewage. Eight liters 
of sewage were placed in a 10-liter serum bottle which was equipped 
with a diffuser ball and inlet and outlet tubes for continuous aeration 
under aseptic conditions. The entire set-up was placed in the autoclave 
and sterilized under steam pressure. After cooling and standing for 
at least 24 hours, tests for sterility and hydrogen-ion concentration 
were made. If the reaction was not between pH 6.8 and 7.4, it was ad- 
justed with sterilized dilute phosphoric acid or sodium hydroxide. The 
sterile substrate was inoculated then with a pure culture, usually 1 ml. 
of broth culture to the 8 liters, and aeration was started at once. As 
soon as a well formed floc had developed, settling for 30 minutes was 
allowed and 5 liters of supernatant were siphoned off through a sterile 
siphon. The 5 liters withdrawn were replaced with the same amount 
of sterile sewage and aeration was resumed. This procedure of with- 
drawing the supernatant and adding fresh food was repeated once 
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daily, except Sunday, until sufficient sludge had developed to provide 
material for the desired tests. This usually required from 10 days to 
3 weeks. The pH of the supernatant was determined at each change 
and the reaction of the sterile liquid added so adjusted that the pH of 
the resultant mixture would be in the desired range of 6.8 to 7.4. The 
adjustment invariably required the addition of sterile dilute phosphoric 
acid, never alkaline solutions, as these cultures always produced an 
alkaline reaction.* Suspended solids determinations of the mixture 
were made from time to time to determine when sufficient sludge had 
developed for the tests. 

4. Preparation for Experiment.—After thoroughly mixing the 8 
liters of pure culture sludge developed as described above, 1-liter por- 
tions were poured into each of two 1-liter cylinders. The sludge in the 
two eylinders and that remaining in the 10 liter bottle was allowed to 
settle for 30 minutes and the amount of supernatant that could be re- 
moved without disturbing the settled sludge was determined. This 
amount varied from 625 ml. to 900 ml. for the liter cylinders. For 
illustrative purposes, suppose that 800 ml. could be removed, then this 
amount was siphoned from each of the liter cylinders and a proportion- 
ate amount, in this ease 4800 ml., was siphoned from the 6 liters re- 
maining in the 10-liter bottle. Eight hundred and twenty-five ml. of 
Formula C* dilution water were added to one cylinder, 825 ml. of the 
test feed (sterilized natural sewage or synthetic sewage) were added to 
the other and 4950 ml. of the same feed were added to the 10-liter bottle. 
Immediately after mixing, 25 ml. portions were removed from each 
cylinder and the large bottle for pH and suspended solids determina- 
tions. The sludge mixtures in the cylinders were transferred to two 
special high form 4-liter aeration bottles, which were clamped to the 
closed system aeration apparatus. 

Aeration was started simultaneously in the 10-liter bottle and sam- 
ples of supernatant were removed for the determination of total puri- 
fication at the same time intervals that the closed-system aeration 
bottles were examined. 

The analyses made for each experiment include: 


(1) Dilution method B.O.D. determinations for periods of 2, 5, 7, 10 
and in the last four experiments, 15 and 20 days, on: 


(A) The old supernatant removed, 
(B) The initial feed added. 


(2) pH, suspended solids, and ash determinations on initial and after 
24 hours aeration samples of : 


(C) Sludge-dilution water mixtures in closed system aeration 
bottle (7.e., Control—for aeration method B.O.D.). 


* These cultures did not oxidize ammonia compounds to nitrites or nitrites to nitrates. 
[t is reasonable to assume that if a balanced inoculation had been made including the nitrify- 
ing bacteria, the by-products of the combined oxidations would have tended to keep the reac- 
tion neutral. Additional experiments with the nitrifying bacteria in pure culture and in com- 
bination with the carbonaceous oxidizers are contemplated. 
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(D) Sludge-feed mixtures in closed system aeration bottle (7.c., 
sample for aeration method B.O.D.). 
(FE) Sludge-feed mixtures in 10-liter open system aeration bottle 
(i.e., sample for total purification). 
(3) The determination of the gaseous oxygen initially and after vari 
ous periods, usually 14, 114, 3, 5, 10 and 24 hours on (C) and (D). 
(4) Dilution method B.O.D. for the same ineubation periods as in (1) 
and after the same aeration periods as in (3) on the supernatant 
from (F). 

As in this study we are dealing with pure culture sludge fed with 
sterile sewage (natural or synthetic), all dilutions made up for B.O.D. 
determinations by the dilution method were seeded with stale settled 
sewage to insure a common inoculation and uniform results. The re- 
sults obtained under (2)(F) and (4) dealing with the total purification 
accomplished are not presented or discussed in this paper which is con- 
fined to biochemical oxidation alone. 

5. Apparatus and Technique for Aeration Method B.O.D. Deter- 
minations.—The apparatus and technique developed by Theriault and 
Butterfield *® for determining the B.O.D. by aeration in a closed sys- 
tem is ideally suited for our study. Figure 5, which shows an assem- 
bly of this apparatus, is presented in the appendix. The cam shaft D 
driven by an electric motor imparts a reciprocating motion to the 
plunger in the mercury U-tube. This alternately increases and de- 
creases the air pressure on the aeration line connecting one limb of the 
U-tube with the aeration bottle. On the upstroke the lower valve E 
acts as a seal and air is drawn in through valve J’. On the down stroke 
the ball valve V closes and bubbles of air are forced into the liquid. 
With a cam shaft speed of about 150 to 175 r.p.m. very satisfactory 
aeration can be maintained in the apparatus. Four replica of this 
apparatus were set up in a 20° C. constant temperature room and all 
the experiments in this paper have been carried out at that tempera- 
ture. Details of the technique for the collection and analysis of the 
gas samples from this apparatus are given in the appendix. 


EXPERIMENTAL DaTA 


The oxygen required for the oxidation of the control aeration mix- 
tures in seven different experiments for various periods is shown in 
Table I. Table II shows the corresponding oxygen requirements for 
the feed aeration mixtures in the same experiments. The control and 
feed mixtures in each experiment were aerated simultaneously and ex- 
aminations were made at the same time; the data are presented in 
separate tables simply for convenience. These tables contain in ad- 
dition, corollary information regarding the cultures employed, the 
amount of pure culture sludge produced at the time of the test, the 
quantity of supernatant withdrawn and of fresh feed or dilution water 
added, the nature of the substrate feed added, and the 5-day biochemi- 
eal oxygen demand, as determined by the excess oxygen dilution method, 
of the old supernatant and of the substrate feed added. 











Vol. 9, No. 2 STUDIES OF SEWAGE PURIFICATION. VI 181 


TABLE I.—Ovxidation in Control Aeration Mixtures 
Oxygen used when pure culture sludge suspension in synthetic or sterile sewage 
substrate is aerated but not fed 


x = Pure culture sludge. y = 1-day old supernatant substrate. d = Formula C dil. water. 
| P.p.m. | P.p.m. os | Mgm. O»2 Used per Liter in Indicated 
Exp. | Cul- | Susp. | 5-day yoomeera Time in Hours 
No. | ture | Solids | B.O.D. en aa _— $$ 
es | f | (Liters) ae: ar | | 
= i ==} —— | —|—_$<<$ $$ <—<— __—— = - 7 ——— ae ———— 
1 | 2-4 | 1420 | 176 | 2+ .875y +.625d | 7.6 | 89 | 132] 17.8 | — | 39.1t 
2 | Z-4 | 1632 | 16.2 | 2+ .3875y+.625d | 6.1] 69] 11.3] 187) — | 52.1t 
3b Z-1 | 773 | «13.8 | x+ .09y + 91d te | 1ORF| = | 15.9¢; — | 23.2 
3a | Z-1 | 843 | 138 | x +1.0y 11.3 | 15.8* | 20.71, — | 35.8 
1 Z-9 | 2644 | 14.5 | +9.ly + .9d 5.3 | 9.9 | 13.5 | 32.2 | 35.9 | 48.1 
5 | Z9 | 1560 | 15.0 | e+0.1y +.9d 12.0 | 12.8 | 14.8 | 18.5 | 25.2 | 38.6 
6 Z-9 2428 | 10.6 | x+0.ly + .9d 8.0 | 11.7 | 17.4 | 19:6 | $7.0 | 60.8 
if Z-9 | 1632 | 11.4 | «+0.1y + .9d |. 99 | 5) 174 | 25) 220 | 384 
* Two hours. + Four hours. t Twenty-two hours. 


TaBLeE I].—Ovidation in Feed Aeration Mixtures 
Oxygen used when pure culture sludge suspension in synthetic or sterile sewage substrate is fed 
immediately before experiment and aerated 


x = Pure culture sludge. y = 1-day old supernatant substrate. z = Substrate feed added. 





| | | | : ian : 
| P.p.m. | P.p.m. | | | Mgm. O2 Used per Liter in Indicated 








Exp. | Cul- | Susp. | 5-day | Substrate Composition of Time in Hours 
No. | ture | Solids | B.O.D.| Feed a See et 
| | == of z 2 (Liters) Nl | | 
| | | 4 | Li Decrease | 10 24 
1 | Z-4 | 1420 287 Sterile sewage x + .375y + .6252 | 32.4 | 56.4 77.01 93a] — | 151.0 
2 Z-4 | 1632 345 Synthetic sewage x + .3875y + .6252 | 37.1 | 86.2 118.2 139.7 — 210.4f 
3 Z-1 877 220 Sterile sewage |} 2 + .09y,+ .91z | 28.4 | 64.54 91.47 = 182.4 
t Z-9 | 2868 142 Sterile sewage } 2 +0.1y,+ 0.92 | 26.6 | 50.6 | 70.2| 84.2 |111.7 | 156.0 
5 Z-9 1728 170 Synthetic sewage | 2x + 0.1lyj+ 0.92 | 34.7 | 69.6 | 92.6] 113.0 |131.0 | 153.9 
6 Z-9 | 2544 170 Synthetic sewage | 2]+{0.1lyj+ 0.92 | 20.3 | 50.0 | 80.4] 103.4 |136.5 | 216.6 
7 Z-9 | 1632 142 Sterile sewage x, +.0.ly]+ 0.92 | 29.6 | 46.0 | 63.4 | 79.6 97.7 | 138.3 
' = | — eee a a | = = eae eciaainaas anes 
* Two hours. + Four hours. t Twenty-two hours. 


Discussion and Interpretation of Results 


In these experiments the pure culture sludge has been considered 
as of negligible volume and as merely suspended in the substrate liquor. 
It is appropriate to consider the sludge as entirely separate from the 
substrate liquor because the pure culture suspended sludge is largely 
organized living agent. The substrate liquor in these experiments in- 
cludes old supernatant containing the pure culture suspended solids, 
the fresh feed liquor and, in the controls, dilution water. For con- 
venience in discussing these results 

let a — the pure culture suspended solids in one liter of 
mixed supernatant liquor, 
y = one liter of old supernatant substrate, 
2—one liter of fresh feed liquor, 
d = one liter of dilution water, 
p = fraction of y remaining, 
q = fraction of 2 or d used. 
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Then the experimental set-up for a control sludge aeration mixture and 
p I g 

a fresh feed-sludge aeration mixture necessary for one experiment may 

be represented as follows, 


Bottle A—Fed aeration mixture = a + py + qz. 
Bottle B—Control aeration mixture =a + py + qd. 


As «+ py are equal in each mixture and qd has no biochemical 
oxygen demand then for a given time interval the difference between 
the oxygen requirements of the fed aeration mixture and the control 
mixture, A—B, is produced by the increment of sterile sewage added, qz. 
While any increase in the oxygen requirement of the fed aeration mix- 
ture, A, can be attributed definitely to the addition of the feed, qz, it 
cannot be ascribed to the oxidation of the added feed alone without 
further consideration. 

It is recognized that at any period of examination there are three 
sources from which the bacterial mass may draw material for oxida- 
tion; (1) from organic material originally derived from the substrate 
but now held adsorbed in the floc; (2) from dead bacterial cells also 
held in the floc; and (3) from material dispersed in the substrate. In 
successive time intervals from this period of examination the material 
drawn from these respective sources will vary and the variation will 
increase as the time interval between observations is increased. Thus 
the amount drawn from (1) may affect the amount drawn for replace- 
ment from (3) and this will affect in turn the bacterial birth and death 
rate, or the amount of (2) available for oxidation at the next examina- 
tion. Under the conditions of our experiments, however, for short 
time intervals the amount of organic matter drawn and oxidized from 
(1) and (2) is independent of the amount originally present in or drawn 
from (3) and depends upon the quantity and condition of the sludge x 
at the start. 

The oxygen requirement of the component, « + py, of the mixture 
x + py + qz, (A), cannot be determined separately when it is in the 
mixture. Without such a determination three possibilities exist in re- 
gard to the oxygen requirements of the component, « + py, of the mix- 
ture A, in the presence of added feed, gz, as compared with its oxygen 
requirement in mixture B in the absence of qz; (1) that the oxygen re- 
quirement of 2 + py is increased and its satisfaction is accelerated by 
the presence of gz in A; (2) that the oxygen requirement of « + py is 
decreased and its satisfaction is retarded by the presence of gz in A; or 
(3) that the oxygen requirement of « + py is the same in 4A as it is in 
B and is satisfied at the same rate in both mixtures. 

In considering possibility (1) if the oxygen requirements of x + py 
were higher in A than they were in B, then in accordance with known 
laws, it would follow that the quantity of a or « + py would decrease. 
As a matter of fact in a long series of observations the quantity of x or 
ax -+ py has never decreased but has always increased. Hence there 
could be no increased oxidation of x + py. 

With regard to possibility (2), such an effect if it actually occurred 








D 


| 





Vol. 9,-No. 2 STUDIES OF SEWAGE PURIFICATION. VI 183 


would tend to decrease the real differences between the oxygen require- 
ments of A and B, or to decrease the indicated oxygen requirement of 
the added substrate, gz, which had been satisfied. Thus this assump- 
tion, if true, would act as a safety factor for any deductions which 
might be made regarding accelerated oxidation produced by the pure 
culture sludges. 

Considered from another angle, in these tests with the exception of 
experiments 6 and 7, which will be discussed later, the pure culture 
sludges had been subjected daily to the same treatment which was given 
inthe test. This is particularly true for experiments 4 and 5 where the 
added substrate, qz, a synthetic sewage, could be, and was, exactly re- 
produced from day to day. Accordingly it is reasonable to presume 
that the residual 2 + py at the end of any test period was substantially 
the same as the x + py present at the start of such test. 

Consequently, as possibility (1) cannot be true and (2) if true 
would tend to decrease the magnitude of the results and serve as a 
safety factor for any deductions made it appears logical and sound to 
assume in interpreting the results of these tests that the difference be- 
tween the oxygen requirements of the fed aeration mixture and of the 
control aeration mixture, A—B, represents substantially for the given 
time intervals the biochemical oxygen demand of the added substrate, 
q2, as produced by the pure culture activated sludge under aeration. 

Data, which have been obtained with natural activated sludge, to 
prove that x + py is oxidized at the same rate in A as it is in B will be 
presented in a later paper on oxidation by natural activated sludge. 
Such data for pure culture sludges were not obtained as the large 
quantities of sludge necessary for such experiments are extremely diffi- 
cult to produce and maintain under pure culture conditions. 

This method * of determining the oxygen required for the oxidation 
of the added substrate by the sludge has been used throughout these ex- 
periments. In one experiment (No. 3) two different controls and a 
feed mixture were all aerated simultaneously. One control contained 
the sludge suspended in .09 liter of old supernatant liquor and .91 liter 
of dilution water. The second control contained the same quantity of 
sludge suspended in 1.0 liter of old supernatant liquor. Each control 
has been used separately with the feed-sludge aeration mixture. The 
results with one control have been designated as Experiment 3a and 
with the other as Experiment 3b. This designation for the experiment 
has been used throughout this paper. It will be shown that using the 
method of caleulation introduced here, the results for the oxidation of 
the total substrate in the feed-sludge aeration mixture check remark- 
ably well when obtained with these two different control set-ups. In 
Table III the results showing the oxygen required to satisfy the B.O.D. 
of the added increment of substrate for each experiment are recorded. 
These results are obtained by deducting the values given in Table I 
(oxygen required to oxidize the control aeration mixtures) from the 

* This method is valid for determining the oxygen required to oxidize sewage only if the 


sludge control is a portion of the same sample used to treat the sewage, and if the absorption 
tests are carried out simultaneously as will be shown later. 
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TaBLe III.—Ovidation of Added Increment 
Oxygen used to oxidize the increment of substrate added 


(Mgms. O2 used by feed culture minus mgms. O: used by the control) 





= Pure culture sludge. y = 1-day old supernatant substrate. z = Substrate feed. 
Feed Control Added | 6-day Megms. O2 Used in Oxidizing Added 
Exp. ! Mixture Mixture Increment B.O.D. Increment in Indicated Time, Hours 
No. | (Liters) (Liters) (1)—(2) of Added wer : 
1 2§ (Liters) Increment | 
3 14] 3 5 10 | 24 
1 x + .6252 x + .3875y 6252 179.7 24.8 | 47.5 | 63.8] 75.3 } 111.9 
2 xc + .625. x + .375y 625z 215.6 31.0 | 79.3 {106.9} 121.0 | — | 158.3 
3a z+ ‘09y. + .91z x + 1.0y — Oly + .9l1lz 169.5 17.1 | 48.7*| — 70.77 | — | 146.7 
3b z+ .09y + .91z x O9y 91z 200.0 20.7 | 54.4* | 75.5T 159.3 
t zr+.ly + .92 za+.ly Nz 127.8 21.3 | 40.7 | 56.7] 52.0 | 75.8] 107.9 
5 z+.ly + .92z x+.ly 92 152.6 22.7 | 56.8 | 77.8] 94.5 103, 8] 115.3 
6 at+.ly + .92 ly Nz 152 . 12.3 | 38.3 | 63.0] 83.8 99.5} 155.8 
7 z+ .ly + .92 ly 92 127 20.4 | 40.9 16.3 64.4 | 74.8] 103.9 
* Two hours. + Four hours. t Twenty-two hours. 


§ The necessary quantities of dilution water that were added to make the controls up to one 
liter have been omitted from this column because they do not enter into the calculation. 


corresponding values given in Table IT (oxygen required to oxidize the 
feed-aeration mixtures). It will be noticed that the values in Table ITI 
for the oxidation of the added increment are considerably larger than 
the values in Table I for the oxidation of the sludge suspension plus a 
portion of the old supernatant substrate. This great difference illus- 
trates the tremendous importance of the B.O.D. of the substrate feed 
on the oxidation rates of sludge aeration mixtures. The significance of 
the effect of the substrate feed on oxidation rates is more readily ob- 
served by referring to Fig. 1 where the results for a typical experiment 
(No. 1) are graphically presented. These results also illustrate the 
marked efficiency of the pure culture sludge in the oxidation of sewage. 
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Fic. 1.—Oxidation in pure culture sludge-substrate aeration mixtures. Experiment 1. 
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Taste [V.—Percentage of the 5-day B.O.D. of the Mixed Supernatant Substrate Oxidized When 
Aerated with Pure Culture Sludge 


Percentage of 5-day B.O.D. Oxidized in 


| 
| 
Exp. | Pure Culture | Substrate Feed | Indicated Time in Hours 
No. | ie | a ae ee 
veloped on | 4 | 13 yi se +e 24 
I Sterile sewage | Sterile sewage | 13.8 | 26.6 | 35.7 | 42.1 | — | 62.5 ft 
2 | Sterile sewage | Synthetic sewage 14.4 | 36.7 | 49.5 | 56.1 | — 73.4 f 
3a Sterile sewage Sterile sewage | 92 | 261%) — 37.8 f | - | 79.0 
3b Sterile sewage | Sterile sewage 10.6 27.2*| — 38.07; — | 79.5 
| Sterile sewage Sterile sewage 16.6 | 31.9 | 44.5 40.7 | 59.4 | 84.3 
5 Synthetic sewage | Synthetic sewage 149° | 37:3 | 51.1 62.0 | 69.4 | CO 
6 | Sterile sewage Synthetic sewage 8.1 | 25.1 | 47.8 | 54.9 | 65.2 | 102.1 
7 Synthetic sewage | Sterile sewage 16.0 | 32.0 | 36.2 | 50.5 | 58.7 | 81.4 


* Two hours. + Four hours. ¢ Twenty-two hours. 


From the data shown in Table III the percentage of the 5-day B.O.D. 
of the added substrate oxidized by the pure culture sludge after various 
periods of aeration have been calculated and are presented in Table IV. 
Typical oxidation curves expressed in these percentages during the 24- 
hour aeration period are shown in Figure 2. An average of about 50 
per cent of the 5-day B.O.D. of the added substrate was oxidized during 
a 5-hour aeration interval. This rapid rate of oxidation is the more 
remarkable when one considers that it is carried on by bacteria in pure 
culture undoubtedly more restricted in their food habits than a grossly 
mixed eulture would be. While definite information in regard to the 
food habits of these bacteria have not been obtained it is known that 
they do not oxidize nitrogen compounds to nitrites or nitrates. 
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Fig. 2.—Percentage of 5-day B.O.D. of total substrate oxidized. 
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As the B.O.D. of y was uniformly low in all of these mixtures it is a 
legitimate inference that most of the oxygen utilized by the mixture, 
x + py, was required to oxidize dispersate or solute condensed or ab- 
sorbed on the sludge, x While the fraction of y and its B.O.D. was 
very low, corrections for the oxidation of the y component were esti- 
mated on the basis of the observed oxidations for the added substrate. 
These estimates varied from 0.1 to 1.1 p.p.m. after % hour aeration 
and from 1.0 to 4.5 p.p.m. after 24 hours for all experiments except 3a. 
In experiment 3a all of the y component was left in the control and the 
estimates in this case for the aeration periods given were 3.7 and 13.8 
p.p.m. The application of these corrections provides for an estimation 
of the oxygen required to oxidize the sludge alone and of the oxygen 
required to oxidize the mixed supernatant, py + qz. While these cor- 
rections may seem to be meticulous and so small as to be unnecessary 
they have been used. 


TaBLE V.—Milligrams of Oxygen Used to Oxidize One Liter of Mixed Supernatant Substrate by 
Pure Culture Sludge 


y = 1-day old supernatant. z = Substrate feed added. 





Mem. O2 Used per Liter in Indicated 
Time in Hours 


B.O.D. of Mixed 





Exp. Supernatant Substrate 
No. |-———__—_ ——$—$| — === 
2-day | 5-day 10-day 14 14% 3 5 10 24 

1 | 109.3 | 185.9 25.7 49.3 | 66.2 78.1 | 116.0 
2 174.3 221.7 - 31.9 81.5 | 109.9 124.4 | | 162.8 t 
3a | 157.6 | 201.2 230.1 18.5 52.6 * 64.5 76.5 F | 158.8 
3b | 157.6 | 201.2 | 230.1§| 20.8 54.8* | 65.4 76.0 t — | 160.4 
4 | 90.0 | 129.3 135.3 21.5 41.3 57.6 52.6 76.8 | 109.0 
5 | 113.0 | 154.1 205.7 22.9 57.5 78.7 95.5 107.0 | 116.6 
6 112.9 153.7 205.4 12.4 38.6 63.5 84.4 100.2 | 156.9 
7 89.8 128.9 135.3 20.6 41.3 46.7 65.1 75.6 | 104.9 











* Two hours. Four hours. t Twenty-two hours. Eleven days. 
+ A 


!! Estimated from 2 and 4 hour results. 
a 


Table V shows the oxygen used by pure culture sludge to oxidize 
one liter of mixed supernatant substrate. The values in Table V differ 
from the corresponding values in Table III only by the small estimates 
for the oxidation of py. Figure 3 shows several typical substrate 
oxidation curves plotted from data in Table V. Here the marked effi- 
ciency of the pure culture sludges in the oxidation of pollutional mate- 
rial is again definitely apparent. Regardless of whether the sludge 
was developed on sterilized natural sewage or on synthetic sewage it 
was equally effective in oxidizing either synthetic sewage or sterilized 
natural sewage. The only difference noted was that the oxidation of 
the synthetic sewage appeared to be completed more rapidly. This, 
indeed, would be expected, for all of the oxidizable material in the syn- 
thetic sewage was in solution and readily available for bacterial oxida- 
tion. 
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Fig. 3.—Typical oxidation curves of supernatant substrate by pure culture sludge. 


It seems worth while to observe here that sludge was developed to 
the extent of 1560 and 1632 p.p.m. respectively in experiments 5 and 7 
where synthetic sewage was employed. The development of this pure 
culture activated sludge in a synthetic sewage containing all materials 
in true solution and free from suspended particles can be certainly at- 
tributed to the activity of the bacteria present in pure culture. Micro- 
scopic examinations of the individual floes of this sludge showed that 
they were composed of closely packed masses of bacterial cells. The 
results obtained (Tables III, IV and V) show definitely that these 
sludges have the same oxidation efficiency as sludges developed in 
sterilized natural sewage. 

To show the average performance of these pure culture sludges in 
oxidizing the B.O.D. of the substrate, the mean number of milligrams 


TaBLE VI.—Mean Milligrams Oxygen Used to Oxidize Substrate B.O.D. 
In all pure culture sludge experiments for various aeration mixture units 




































































Aeration Time, Hours............. le 1% | 3 24 Mean 
| 
Mean % | Mean % | Meah % | Mean % % 
Megms.|S.D.|S.D.|] Mgms.|S.D.|S.D.| Mgms.|8.D./S.D.| Mgms.|S.D.!S.D.| S.D. 
Oz =i + Oz = = O2 + + Oz + + 
Per liter substrate 
5-day B.O.D., 128.9 to 221.7....| 21.8 |5.26/24.1| 48.7 [13.7 /28.2] 70.3 |17.8|25.3] 135.7 |24.4/18.0] 23.9 
Per 100 p.p.m. 5-day B.O.D. per liter 
RE aera 12.9 |3.05/23.6| 28.8 6.4 |22.2} 41.1 7.8|19.0| 79.8 |10.5}13.1] 19.5 
Per gram suspended solids.......... 15.3 |6.50 |42.3] 33.6 |13.5/40.2] 48.9 |21.1|43.2] 97.7 |55.2|56.6| 45.6 
Per gram volatile suspended solids. ..} 20.4 |9.23/45.3| 44.9 |18.7 41.7] 65.9 |31.0|47.1| 134.4 |79.9 |59.6| 48.6 
Per 100 p.p.m. 5-day substrate B.O.D. 
per gram suspended solids...... 8.6 {2.98 |34.7| 18.9 | 5.1/27.0| 27.2 | 7.7|28.3] 55.1 |23.5|42.7 | 33.1 
Per 100 p.p.m. 5-day substrate B.O.D. 
per gram volatile suspended solids} 11.0 |3.62/32.9} 25.0 | 6.5/26.0} 36.5 |11.3/31.0| 74.1 |34.3 /46.3] 34.1 
S.D. = Standard Deviation. 


% S.D. 


Percentage Standard Deviation. 
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of oxygen used for various units of aeration mixture have been cal- 
culated. The mean number of milligrams of oxygen, the standard 
deviation from the mean and the percentage standard deviation for the 
results obtained at the 4%, 114, 3 and 24 hour aeration periods are shown 


in Table VI. 


To determine the quantity of oxvgen used to stabilize the pure cul- 
ture sludge itself in these experiments, the milligrams of oxygen used 
to oxidize substrate as shown in Table V are subtracted from the corre- 
sponding amounts of oxygen used in the entire feed aeration mixture 
The milligrams of oxygen used to oxidize sludge 


as shown in Table II. 


obtained in this way are shown in Table VIL. 


TasLE VII.—Milligrams of Oxygen Used to Oxidize the Pure Culture Sludge Suspension Alone 
g q { P 


Mems. O2 Used to Oxidize Sludg« Mgms. O2 Used per Gram of Mgms. O2 Used per Gram of 
2 in 1.0 Liter of Mixture in In- Sludge in Indicated Time, Volatile Solids in Indicated 
Exp. | =o | dicated Time, Hours fours Time, Hours 
No. vars } 
| HH —-— — | 
%11%131{1 5 |10] 2¢/%/]1%] 3] 5 | 10] 24 }%/1%] 3] 5 | 10] 24 
1 1420] 6.7} 7.1 {10.8} 15.0 35.0t] 4.7) 5.0 | 7.6} 10.6 24.6¢/ 6.3] 6.6 |10.1} 14.0 32.¢ 
2 1|1632| 5.2| 4.7 | 8.3) 15.3 17.6¢| 3.2| 2.9 1} 9.4 29.24] 4.2] 3.8 | 6.7] 12.4 | 38. 
3a 843 | 9.9| 11.9* 14.97 23.6 |11.7)} 14.1 17.67 28.0 |16.6 | 20.0*| — | 25.07 39.4 
3b | 843] 7.6| 9.7* 15.47 22.0 | 9.0| 11.5 18.2} 26.0 |12.7| 16.3* | 25.84] 37.0 
4 2868 | 5.1] 9.3 |12.9] 31.6 |34.9] 47.0 | 1.8] 3.2 | 4.5) 11.0 )12.2) 16.4 | 2.8] 5.2 | 7.2) 17.5 |19.4] 26.2 
5 11728 j11.8] 12.1 |13.9| 17 24.0} 37.3 | 6.8 7.0 | 8.0} 10.1 |13.9 | 21.6 7.4 | 7.6 8] 11.1 |15.2 | 23.6 
6 2544 | 7.9} 11.4 |16.9| 19.0 |36.3 | 59.7 3.1 $5) 6.6 7.5 |14.2] 23.4 4.9] 7.1 |10.5] 11.9 |22.7 | 37.4 
7 [1632 9.0| 4.7 |16.7] 14.5 |22.2] 33.4 5.5 2.9 |10.2 8.9 |13.6] 20.5 | 5.8] 3.0 }10.8 | 9.4 [14.3 21.6 
* Two hours. + Four hours. t Twenty-two hours. 


From the values in Tables VII and II, the percentages that the 
oxygen used to oxidize sludge are of the total oxygen used in the feed 
aeration mixtures have been calculated. These percentages are shown 
in Table VIII for all experiments. On the average about 27.3 per cent 
of the oxygen used in a freshly dosed pure culture sludge during the 
first one-half hour of aeration is required to oxidize the sludge. This 


TaBLE VIII.—Percentage of the Total Oxygen Used in Fed Pure Culture Sludge Aeration Mixtures 
that is Required to Oxidize the Sludge Alone 


Experiment 
Number 


~I 


Mean 





* Two hours. 


Percentage of Total Oxygen Used to Oxidize the Sludge in Indicated 
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percentage drops to about 15 after one and one-half hours of aeration 
and then apparently slowly rises approaching the original figure after 
24 hours. 

The cause of this rather high percentage of oxygen (27) that is 
used to oxidize sludge during the first one-half hour is no doubt due to 
a degradation of the sludge during the preparation for the experiment 
while the sludge is settling and is not being aerated. A plausible ex- 
planation would seem to be that prior to the start of the experiment, 
the sludge has had no food material added for 24 hours and during this 
time the easily available food material has become exhausted and a 
bacterial death rate has apparently set in, thus providing an increased 
proportion of food for the bacteria remaining, which is a contributory 
cause of the high oxygen consumption of the sludge during this period. 
During the next two to four hours, the sludge bacteria reach their maxi- 
mum rates of oxidation and are apparently also reproducing at their 


TaBLe 1X.—Percentage of Total Oxygen Used in Pure Culture Sludge Aeration Miztures that is 
Required to Oxidize Sludge 














| Mean | Percentage of the Total 
| | Sub- | Oxygen Used to Oxidize 
| | strate | the Sludge in Indicated 
B.O.D. | Time, Hours 
gt | | ate 
| site| ‘a 14 | 3 5 | 5 | 10 | 24 
PEGG INICIO INIKUUTES 62565 hs eos ales Seen eens | 8 172.0 | 27.3) 14. 9 | | 16.5] 18. 6] 24 24. 7| 22.1 
Sludge-old supernatant (x + l.y).......... <p ok » Se 83.4| 75.3 | — | 74.4] 66.0 
Sludge-old supernatant (# + ye? + .625d) . = 2 | 6.35 86.9) 74.0 | 81.1} 83.2) — | 90.4 
Sludge-old supernatant (2 + .ly + .9d)....... | 4 | 1.28 | 97.8) 94.5 | 95.3) 96.0} 96.6] 96.8 








maximum rate. The smallest portion of the total oxygen is used to 
oxidize the pure culture sludge during this period and the percentage 
so used falls to about 15. After 4 or 5 hours the most easily available 
food supply is exhausted, the rate of reproduction of the organisms 
falls while the death rate with the consequent increase in degradation 
products slowly rises. This results in a very slow increase in the per- 
centage of oxygen that is being used to stabilize the sludge itself dur- 
ing the remainder of the 24 hour aeration period. 

Table IX shows the percentages of the total oxygen used in pure cul- 
ture sludge aeration mixtures that are required to oxidize the sludge 
for substrates of varying initial B.O.D. It will be noticed that the per- 
centage of oxygen used to oxidize the sludge alone in an aeration mix- 
ture varies inversely with the B.O.D. of the substrate. When a pure 
culture aeration mixture having a B.O.D. of the substrate of 6 to 14 
p.p.m. in 5 days was aerated, about 86.9 to 83.4 per cent of the oxygen 
used was required to oxidize the sludge during the first half hour. 
When the supernatant of such a mixture was withdrawn and a feed 
material was added until the 5-day B.O.D. of the substrate was 172, the 
oxidation rate in the aeration mixture increased and the percentage of 
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TABLE X.—C erin Oxidation Results for All Experiments 








T 

| Mgms. Os» Used per Liter of Fed-sludge 
| Aeration Mixture in Indicated 

| Time, Hours 
| 














*[™le ls [2 
Oxidation of pure culture sludge....... 7.9 8.5 13.2 21.5 | 38.2 
Oxidation of supernatant substrate... ... ee .| 21.8 48.7 70.3 83.3 | 135.7 
Total oxidation of aeration mixture... . | 29.7 | 57.2 | 83.5 | 104.8 | 173.9 





oxygen used to oxidize sludge fell to about 27.3 per cent of the total 
used. This illustrates that the percentage of oxygen used by the pure 
culture sludge in a sludge-aeration mixture varies considerably de- 
pending apparently upon the condition of the sludge itself and the 
B.O.D. of the substrate. 

The composite oxidation results for all experiments with pure cul- 
ture sludge have been calculated and are shown in Table X. These 
results are plotted in Fig. 4. The lower curve in this figure represents 
the average oxidation of the pure culture sludge alone. The inter- 
mediate curve shows the average oxidation of the substrate alone by 
the pure culture sludge. The upper curve represents the total oxida- 
tion in the fed aeration mixtures and each point on it includes the sum 
of corresponding points of the other two curves. The total oxidation 
curve for all substrate-sludge aeration mixtures can be separated into 
two components, one representing the oxidation of the sludge and the 
other the oxidation of the substrate. In this composite curve the oxida- 
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Fic. 4.—Mean oxidation curve for all pure culture sludge experiments. 
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tion of the sludge varies between 27 and 15 per cent of the total oxida- 
tion. As the B.O.D. of the substrate falls the substrate oxidation curve 
also falls and the oxidation of the sludge represents a larger proportion 
of the total oxidation as has already been shown in Table IX. 
Substrate Oxidation Rates Effected by Pure Culture Sludges.—The 
expression, Y = LZ — [a(10*s') + b(10*:')], suggested by Theriault 
and McNamee,’ was graphically fitted to the substrate oxidation results 
shown in Table V. In this equation the constants a and b correspond 
to the LZ, and L, portions of the total demand. In fitting this expres- 
sion to these results, the total first stage demands (Z values) were esti- 
mated from the 5-, 10- and 20-day dilution method B.O.D. of the sub- 
strates, corrected for oxygen used to form nitrites and nitrates. The 
constants thus obtained are shown in Table XI. The observed values 


TaBLE XI.—Constants for Curves for Substrate Oxidation by Pure Culture Sludge 
Constants to fit the expression Y = L — [a(10-*,*) + 6(10-*,) ] 


L 

















or t Expressed in t Expressed in 
Exp. Estimated Hours Days 
No. rotal Car- a b a 
bonaceous l | 
Demand Ky Re | Ky | Ke 
274* 6 | 209 | 313 | 0057 | 7.51 | .136 
2 | 326* 109 =| 217 357 | 0054 | 8.57 129 
3a 273 + 45 | 228 lis 0122 | 9.05 .293 
3b 273 + 46 | 227 416 | .0126 9.98 .302 
{ 176.5t | 41.5 | 185 | .526 | .0126 | 12.6 .302 
5 2178t | 748 | 1438 427° | 0070 | 10.2 .168 
6 216.0 t 51 | 161 | .286 | 0150 | 6.86 .360 
7 179.7 t 51.7 128 377 0095 | 9.05 27 


* Estimated from 5-day B.O.D. values. 

+ Estimated from 5 and 10-day B.O.D. values. 

t Estimated from 5, 7, 10, 15, 20 and 35-day B.O.D. values corrected for NO, and NOs 
formed. 


(Table V) fitted the derived curves reasonably well and the constants 
indicate in all cases a very high rate biochemical oxidation by these 
pure culture sludges. It will be noted that there is considerable varia- 
tion in the constants obtained from the several experiments, i.e., K, (the 
velocity constant for the rapid oxidation representing about 25 per cent 
of the total carbonaceous demand) varies from 68 to 126 times the 
single velocity constant ordinarily accepted as representative of nor- 
mal biochemical oxidation as observed in diluted samples or in streams. 
This variation, probably, was to be expected as: (1) these sludges were 
developed using three different strains of bacteria, each ‘in pure cul- 
ture; (2) five sludges were developed on sterilized natural sewage and 
two were developed on synthetic sewage; and (3) the feed was varied 
so that sludge developed on natural sewage was tested with synthetic 
sewage feed and sludge developed on synthetic sewage was tested with 
natural sewage feed. 
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SuMMARY AND CONCLUSIONS 


The literature dealing with the biochemical oxidation of sewage by 
activated sludge is reviewed briefly. 

Various bacteria which make up a major portion of the bacterial 
flora of activated sludge have been isolated in pure culture. Employ- 
ing these bacteria in pure culture, activated sludge has been produced 
in sterilized natural sewage and in sterile synthetic sewage. This pro- 
duction of activated sludge in synthetic sewage (which was entirely 
free from detritus and suspended substance) by pure cultures of bac- 
teria is definite evidence that these bacteria, at least under the condi- 
tions of test, are responsible for the production of activated sludge. 

Using a procedure which has been developed for the determination 
of the rate of biochemical oxidation of activated sludge mixtures it was 
found that the addition of fresh nutrient substrate to these pure cul- 
ture activated sludges under aeration very greatly increased the quan- 
tities of oxygen utilized. The increase observed when the oxygen re- 
quirements of fed mixtures and control mixtures are compared has 
been attributed to the oxidation of the added substrate. 

The results show that about 50 per cent of the 5-day B.O.D. of a 
sewage is oxidized by 5 hours aeration with these pure culture sludges 
and that about 80 per cent of the 5-day B.O.D. is oxidized in 24 hours. 
Nitrogenous materials are not included in this oxidation as these bac- 
teria are not capable of such action. With freshly dosed sludge the 
oxygen required for the oxidation of the sludge alone represented from 
15 to 27 per cent of the total. 

The expression suggested by Theriault and McNamee was fitted to 
the data for the first stage, or carbonaceous oxidation of the substrate, 
obtained when sewage was aerated with these pure culture sludges. 
The results indicate that during the first 3 to 5 hours of aeration the 
velocity constant of the oxidation rate is 68 to 126 times greater than 
the established constant for normal biochemical oxidation in diluted 
samples or in streams. ‘This rapid rate of oxidation ‘‘breaks’’ after 3 
to 5 hours of aeration but the velocity constant for the remainder of the 
24 hour period is still considerably greater than the established 
constant. 

It may be concluded from the results of these tests with sludges de- 
veloped by bacteria in pure culture that reactions of the same general 
type are indicated in each test and that the velocity constants are all 
much greater than the constant for normal biochemical oxidation. 

While it is desired to emphasize the primary importance of bacteria 
in the activated sludge process of sewage purification, it is not desired 
to create the impression that these bacteria, whose activities are re- 
ported, are the only ones which can promote rapid oxidation under 
such conditions. No doubt there is a considerable group of organisms 
capable of such action. The primary prerequisite for this type of or- 
ganism, in addition to oxidizing capacity, appears to be the ability to 
grow in a liquid medium in a massed floe or colony which binds itself 
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together tenaciously enough to remain intact under the agitation of the 
aeration required to maintain aerobic conditions. 

It is desired to express our sincere appreciation to the members of 
the staff of the Stream Pollution Investigations Station of the U. S. 
Public Health Service for their assistance in preparing the drawings 
for the figures, in critically reviewing the paper, and especially to As- 
sistant Bacteriologist Elsie Wattie for assistance in the analytical work 
and in the preparation of pure culture sludges. 


APPENDIX 
Technique for the Aeration Method B.O.D, Determination 


Before aerating the sludge mixtures, samples of gas from each closed 
aeration bottle are taken. Oxygen U-tube absorption vessels are re- 
quired for each test. The stopcock A of the absorption vessel (see 
Fig. 5) is turned to connect with the 2 ml. cup and with the stopper re- 
moved, distilled water of known oxygen content is siphoned into the 
right hand limb of the U-tube. The delivery tube of the siphon is kept 
near the bottom of the U-tube and water is added to fill the capillary 
bore leading to the 2 ml. cup. The stopcock is then turned to communi- 
cate with the capillary tube alongside the cup. 

The procedure used to obtain a sample of gas consists of the fol- 
lowing steps: (1) connect the water-jacketed gas burette with the aera- 
tion bottle; (2) the U-tube absorption vessel, filled with distilled water 
of known oxygen content, is connected to the gas burette; (8) the air in 
the capillary tube connecting the U-tube and gas burette is replaced by 
water drawn from the U-tube by lowering the mercury level of the 
burette; (4) the air and excess water are expelled from the apparatus, 
after turning the stopeock B 180°, by raising the mercury level of the 
burette; (5) the mercury level is allowed to rise above stopcock C and 
held in this position by closing the stopcock at the base of the burette; 
(6) the stopeock C is now turned 45° and the mercury allowed to flow 
back into the reservoir by opening the stopcock at the base of the 
burette; (7) the mercury level is now adjusted so that it is at the 10.000 
ml. graduation on the stem of the burette (the stopcock at the base of 
the burette is used to control this manipulation) ; (8) the 10 ml. sample 
of gas is transferred to the U-tube absorption vessel by turning stop- 
cock B 180° and raising the mereury reservoir, after opening the stop- 
cock at the base of the burette; (9) close stopcock A after all the gas 
and a little mercury have entered the U-tube; (10) close stopcock C; 
(11) disconnect U-tube from burette, insert glass stopper, invert and 
allow the mereury to flow from U-tube by opening stopeock A; (12) 
close stopcock A and return U-tube to an upright position in such a 
manner that all the gas will be on the stopcock side of the U-tube. 

With stopcock A closed, and with the gas in the closed limb of the 
U-tube, 1 ml. of each of the usual Winkler reagents is added through 
the open limb. The reagent pipettes are inserted to the bottom of the 
U-tube and care must be taken not to deliver any reagent in the upper 
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part of the tube. Pipettes which terminate in tubes of small bore 
should be used and after being filled with reagent should have their 
outsides flushed with running water. When the reagents have been 
added, the stopper is replaced and the U-tube is agitated mechanically 
for 10 minutes. An International shaker with a special head to accom 

modate 4 oxygen absorption U-tubes has proven very satisfactory for 
this purpose in our laboratory. With this shaker it was found that all 
of the oxygen could be transferred from the gas to the liquor well 
within the ten minute period so that this period of agitation always in- 
sured the completion of this reaction. 

After the proper agitation, the acid (1 ml. of cone. H.SO,, sp. gr. 
1.84) is added to the 2 ml. cup and allowed to run into the U-tube. 
After shaking to dissolve the precipitate, the liberated iodine is titrated 
with 0.025 M sodium thiosulphate (1 ml. of 0.025 M thiosulphate corre- 
sponds to 0.2 mgm. of O.). 

To correct for the volume of oxygenated distilled water added to the 
absorption vessel it is convenient to calibrate each U-tube with reference 


to graduated markings as shown in Fig. 5. Then before acidification, 





~ Gas Sameine Preerre = Orv6EN ABSORPTION VESSEL 


—Incvearor Bort 


p————_ Mercury Gas Pome ——_— 
| 








— 


\ etm 
Sener 















































al | | __A i WS | (xe 
pee Ss ns i} f reser v0 
{sag | few 
| | ¥ 
14 ‘ | f 
Mercur 4 i { \ 
{ "ese car } 
j (é) { "wre Support 4 t J ( } | 
AE awe ee, | 
| 
2 cy] s 6 | 








US Pos Hearn Service ‘} | 
f 
SrRtam Posiurion InvesriGarions STATION ih 
oT 
Cincinnati, Onto ee 
— 


Fig. 5.—Apparatus for determining B.O.D. by the aeration method in a closed system. 














TaBLE XII.—Computation-Aeration Method for Oxygen Demand of Activated Sludge Mixtures 


Date: 3-19-36. Nature of sample: Pure culture sludge + sterile sewage. Series: 1. 
Total volume aeration bottle = 7 = 4058 mls. 












































Settled sludge volume 375 mls. 
Dilution water or feed volume added 675 mls. 
Total volume aeration mixture 1000 mls. 
——— —_—— — ———— Ss =a —————————————————— 
fF 00) Gt 0) 11) eA ge t t; to ts | ete. 
Period of aeration, elapsed time, hours............ 0 0.5 1.5 
Volume of expanded gas = (V mls.) 
\, = Initial volume of gas in bottle = T — 1000...} 3058 3058 3058 | 
t = Volume of gas to mercury level on sample 
bottle limb of mercury U tube............ 50 47 46 | 
\', = Total initial volume of gas = T — 1000 + ¢. .| 3108 3105 3104 
» = Expanded sample of gas = 10 ml............ 
|’ = Total volume expanded gas = V;+ 10*..... — 3115 3114 
Dissolved oxygen in water used in U tube (mls. titrated = 200) 
Readings with .025M Sodium Thiosulphate | 
| See ea OS a7 SOR RCT SCE eC On ee a aE 16.14 
| ETO EIS OPIN Oe 7.32 | 
ye ES ED) Cee) 2) a eee Ree ee ae | 8.82 8.82 8.82 | 
Gaseous oxygen, milligrams per ml. of gas (= r) 
B = Mls. of HO used in U tube................. 30.20 30.20 30.20 
o = Mis:of gas campled = 10tml: . . 6. cs cess 
Readings with .025M Sodium Thiosulphate 
| (Rn RCE APE PR TEE NER ROL eR RR TEE eae 44.70 35.70 37.48 
TE SOOT ns Te eat eee 30.45 22.00 24.20 
D = Mls. N/40 Thio. used = R — Ri............ 14.25 13.700 13.280 
f =WPactor for mpm: O; per ml..........6. 6.060006 0.20 
SD = WpMB OPIN UW GU. o.sq siosie5 ooo ree oe ese 2.850 2.740 2.656 
E = Mgms. O; in H20 in U tube = AB/1000...... .266 .266 .266 
F = Mgms. O2 in 10 mls. gas = fD—E.......... 2.584 2.474 2.390 
= Mgm. Oz per ml. of gas = F/V = F/10....... .2584 .2474 .2390 

















Gaseous oxygen before sampling (7.e. including the sample) mgm. per liter of liquid 


rVe=g | — | 70.7 | 742 | | 


ae ae en OO Oe er eae at rr eee Ree ae Oe oe a ae | | 








Gaseous oxygen after sampling (7.e. excluding the sample) mgm. per liter of liquid 





A ey ee ete vera | 303.1 | 7682 | 741.9 | | 








Initial oxygen content, total mgms. per liter liquid = O 





























a OO | — | 3031 | 7682 | | 
Final oxygen content, total mgms. per liter of liquid = O 
Rese ee | — | 770.7 | 744.2 | | 
Oxygen demand over given period = (Z mgms. per liter, ¢ to ¢,) ete. 
Cr erereerreny ee .| — | 324 | 20 | | 
Oxygen demand, for cumulative period = Y = 2Z = mgms. per liter total 
a eee | — | ae | soe | | 





* Very small volume of gas expanded in capillaries is considered negligible. 
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the volume of water used may be read off directly. The 2 ml. of re- 

agents used are deducted from the total volume of liquid, on the as- 

sumption that the Winkler reagents contain no dissolved oxygen. 

After each period of aeration, the aeration machine is stopped, the 
gas volume on the aeration limb of the mereury pump U-tube is read 
and the gas is sampled and analyzed as described. All readings may 
be recorded on a convenient form as shown in Table XII. 

Table XII has been arranged to be self-explanatory and to illus- 
trate the complete method of calculation of the oxygen consumption in 
milligrams per liter for the periods for which samples are collected. 
As 1 liter quantities of liquid mixtures are used, the figures obtained 
represent directly parts per million of oxygen used for the periods 
covered. 
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THE VACUUM FILTRATION OF SLUDGE AFTER 
VARIOUS DIGESTION PERIODS 


By C. E. Kererer ann Herman Kratz, Jr. 


Bureau of Sewers, Baltimore, Md. 


Numerous experiments have been conducted in the laboratory and 
the field on the vacuum filtration of both raw and digested sludge from 
preliminary sedimentation tanks. No published data are available, 
however, on the relative filterability of sludge after various periods 
of digestion. Previous studies! have indicated that digested sludge 
gives higher eake yields than undigested material. The problem is of 
special interest at sewage plants where sludge is digested and then 
filtered. It may be more economical to dewater material that is not 
thoroughly digested with little or no sacrifice in filtration rates and the 
quantity of coagulant used. If such should be the case, less digestion 
space need be provided. In order to obtain some information concern- 
ing this question a group of laboratory experiments was conducted at 
the Baltimore sewage works. The results clearly indicate that as 
sludge digests its filterabilitv, when judged by the amount of cake pro- 
duced, varies considerably both before and after elutriation. 


EXPERIMENTAL PROCEDURE 


The raw sludge used for the experiments was obtained from a me- 
chanically cleaned preliminary sedimentation tank at the Baltimore 
sewage works, and was in a comparatively fresh condition. The ma- 
terial was collected on two different days, the first portion being ob- 
tained June 9, 1936, and the second June 16. Each batch was put into 
a 40-gal. sheet metal drum, which was air-tight. One hundred grams 
of lime was added to each drum to raise the pH value. The two con- 
tainers were kept in an incubator at a temperature of 28° +1° C. The 
characteristics of the raw sludges are given in Table I. 


TABLE I.—Characteristics of Raw Sludges 


_ Quantity of | Vobsaile Matter, Solids, | Amino-ammonia | 
lest Sludge Used, es ae Nitrogen, pH 
Ibs. : : p.p.m. 
I 194.0 | 75.9 5.9 | 325 | 
I | 248.6 69.9 7.2 | 390 | 6.9 


At regular intervals the gas was analysed, and the volumes were 
measured to determine the progress of digestion, Fig. 1 shows the total 
amount of gas produced by each of the sludges. All gas volumes have 
been reduced to 0° C. at a pressure of 760 mm. of mercury. 

During the experiments the sludge was filtered in the following 
manner. Each sample was coagulated with different quantities of 
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ferric chloride in order to determine how the rate of filtration varied 
with the quantity of chemical used. The filtering equipment consisted 
of a 9-cm. Buechner funnel, No. 4 grade Whatman filter paper, a filter 
flask, attached to a Schuette and Koerting laboratory tap aspirator, 
and a vacuum gauge. Each sludge sample weighed 200 grams, to which 
sufficient coagulant and distilled water were added to bring the weight 
up to 220 grams. The sludge was poured into a Buechner funnel, in 
which a wetted filter paper had been placed. When a vacuum was ap- 
plied to the sludge, the filtrate was sucked into the flask. In a short 
time the sludge dried sufficiently to allow air to enter the flask. This 
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Fig. 1.—Total gas produced by raw sludge. 


instant could be told by watching the vacuum gauge. The volume of 
the filtrate was then determined, and the filtration time was recorded. 
With these data the weight of dry solids filtered per minute was calcu- 
lated. It is believed that these tests give a good idea of the rate of 
filtration that can be expected on a much larger scale in the field, as 
they have been confirmed when using an 18-sq. ft. vacuum filter at 
Baltimore. For a more detailed description of the routine followed 
in making tests of this type the reader is referred to an article by 
Genter.’ 
Fitrtering ELuTrRIATED SLUDGE 


Samples of the sludge were removed from the two containers from 
time to time. Each sample was divided into two parts. One part was 
filtered after elutriation, and the other part was filtered without being 
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Fig. 3.—Characteristics of elutriated sludge (test IT). 
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elutriated. The sludge was elutriated by mixing with two volumes 
of tap water, and allowed to settle for 4 hours. The sludge was then 
drawn off and analysed. The results of these analyses are shown in 
Figs. 2 and 3. There was the characteristic increase in pH values and 
amino-ammonia nitrogen and decrease in volatile matter during the 
period of digestion. The 5-day B.O.D. and the solids in the elutriate 
are given in Figs. 4 and 5. There was a decided increase in the B.O.D. 

{ the elutriate during the early stages of digestion. The B.O.D. re- 
mi at high for about 70 or 80 days after the beginning of the tests, 
and then decreased to less than 500 p.p.m. The variation in the amount 
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‘1c. 6.—Rate of filtration of elutriated sludge after various digestion periods (test no. I). 


of solids in the elutriate was somewhat similar to the change in the 
».O.D. 

Figs. 6 and 7 indicate how the rate of filtration varied after the 
sludge had been digesting for various periods of time. As was to be 
expected, the results were not identical when filtering the two batches 
of material. However, there is considerable similarity in the findings. 
Figs. 8 and 9 have been plotted in order to make the data more in- 
telligible. Fig. 8, which was derived from the results obtained during 
Test No. 1 and shown in Fig. 6, indicates how the rate of filtration 
varied throughout the digestion period when the sludge was coagulated 
with ferrie chloride in amounts equal to 4, 5 and 6 per cent of the dry 
solids in the sludge. In a similar way Fig. 9 has been based on the 
data in Fig. 7. 
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It is obvious that the curves shown in Fig. 8 do not entirely repre- 
sent the facts. In the first place some of the curves in Fig. 6 are ir- 
regular inform. Furthermore, the ferric chloride values used in Fig. 
8 in some cases intercept these curves at points which are less than 
and are beyond the maximum rates of filtration. In spite of these ob- 
jections the curves in Fig. 8 are rather similar and are believed to 
indicate the general trend in the rate of filtration during the experi- 
ment. These statements relative to Figs. 6 and 8 also apply to Figs. 
7 and 9. 

Figure 8 shows that during the early stages of digestion the sludge 
used in Test I became more difficult to filter. After the thirtieth day 
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Fig. 7.—Rate of filtration of elutriated sludge after various digestion periods (test no. II). 


the filtration rate increased until the seventy-first day. At this time 
it is estimated that the sludge was about 38 per cent digested as judged 
by the amount of gas produced. On the eighty-fifth day the quantity 
of cake produced was a minimum. Then the maximum quantity of gas 
was being generated. As digestion proceeded, the cake output again 
increased, and reached a maximum, when digestion was about complete. 
The material was held for about a month longer until the gas produc- 
tion had practically ceased. At this time the rate of filtration was 
again low. 

The relation between the filterability of the sludge used during Test 
II and the length of time the sludge had been digesting is shown in Fig. 
9. As digestion proceeded, the output of cake decreased and reached 
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Fig. 8.—Rate of filtration of elutriated sludge during digestion using various quantities of 
coagulant—test no. I. (Compiled from data in Fig. 6.) 
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Fic. 9.—Rate of filtration of elutriated sludge during digestion using various quantities of 
coagulant—test no. II. (Compiled from data in Fig. 7.) 
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a minimum on the seventy-ninth day. As in Test I, the rate of gas pro- 
duction at this time was quite high. From then the production of cake 
increased, and reached a maximum when digestion had just been com 
pleted. Holding the sludge after this period resulted in a considerable 
decrease in the output of cake. 








FILTERING UNELUTRIATED SLUDGE 






Tests were also made in order to determine how successfully sludge, 
which was not elutriated, could be filtered after various periods of di 
gestion. As indicated in Figs. 10 and 11, much more coagulant was 1 
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Fig. 11.—Rate of filtration of unelutriated sludge after various digestion periods (test no. II). 


quired to get a satisfactory cake after digestion had begun than with 
raw material. With the exception of the sludge removed at the end of 
78 days, it was impossible to filter any of the unelutriated sludge in 
Test No. I until 93 days had elapsed. The unelutriated material in 
Test No. II was not filterable until 86 days of digestion. 
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a Figures 12 and 13 have been derived from Figs. 10 and 11, and show 


c how the rates of filtration vary during digestion when using various 
quantities of ferric chloride. Fig. 12 indicates that when digestion 
was at an end holding the material for a longer period resulted in 


lower filtration rates. This statement also applies to the results ob- 
tained during Test No. II (Fig. 138). 
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‘1G. 12.—Rate of filtration of unelutriated sludge during digestion using various quantities of 
coagulant—test no. I. (Compiled from data in Fig. 10.) 
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iG. 13.—Rate of filtration of unelutriated sludge during digestion using various quantities of 
coagulant—test no. II. (Compiled from data in Fig. 11.) 


CoNCLUSIONS 


The results of the two groups of experiments are not identical. 
There are certain similarities, however, in the findings that are of con- . 
siderable interest. During both of the tests on elutriated sludge there 
was a short time during the digestion period when the filter rates were 
quite low. In each case this minimum output occurred when gasifica- 
tion was very active and when the sludge was from about 60 to 70 per 


cent digested, as judged by the amount of gas produced. 
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The violent gas ebullition may have caused the reduction in filtra- 
tion rates. The stirring action of the gas possibly increased the 
amount of the colloids, and made filtration more difficult. This hy- 
pothesis was roughly checked in the laboratory by filtering sludge that 
had been stirred for several hours and comparing the results with the 
filtration of a portion of the same sludge that was not stirred. The 
cake output of the stirred material was much less than that of the un- 
stirred sludge. 

The tests also indicated the inadvisability of holding the material 
after it had digested, as the filtration rates greatly decreased. It is 
believed that this decrease is partly the result of an increase in amino- 
ammonia nitrogen, which requires the use of large quantities of coagu- 
lant. It should be pointed out that the experiments were naturally 
limited in scope, and the results should not be considered as having a 
general application until further tests have been conducted at other 
sewage plants. 

The Baltimore sewage works is under the general supervision of 
B. L. Crozier, chief engineer, Department of Public Works, and G. EF. 
Finck, sewerage engineer with G. K. Armeling, superintendent. J. W. 
Bushman, junior chemist, assisted in the laboratory work. 
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STUDIES WITH ACTIVATED CARBON IN SEWAGE 
SLUDGE DIGESTION * 


By C. L. Waker 


Professor of Sanitary Engineering, Cornell University, Ithaca, N. Y. 


The studies forming the basis of this paper were carried out in the 
sanitary engineering laboratory of Cornell University at the Ithaca 
sewage plant. From Jan. 23 to August 15, 1935 and from May 16 to 
Dee. 21, 1936, experimental units were under observation. Observa- 
tions at the Ithaca digestion tank were made between Nov. 9, 1935 and 
April 12, 1936. ; 

Acknowledgment is made to Mr. Albert N. Huff, a graduate student 
at the time, for initiating the studies and conducting all of the work up 
to July 4, 1935; to Mr. N. Statham of the Industrial Chemical Sales 
Company for the supply of carbon used and for suggestions during the 
progress of the investigation; to Mr. Woodford, Superintendent of 
Sewers for permission to use the Ithaca digestion tank; to Messrs. 
Kerr, Wormley and Ryerson, operators at the Ithaca sewage treatment 
plant, for the collection of samples throughout the entire period of 
study; and to Prof. W. L. Maleolm who carried on the work from May 
to September, 1936. 


InitraAL EXPERIMENTAL RESULTS 


The initial experiments were carried out in the Sanitary Kngineer- 
ing Laboratory of Cornell University. 

Three batteries each of five one-gallon bottles were used. Two of 
these batteries are shown in Fig. 1. Each bottle was fitted with a 
stopper providing means for introducing and withdrawing sludge and 
supernatant, and for conveying gas as formed to inverted graduated 
cylinders having their open ends immersed in a water bath. Each 
battery of five bottles was placed in a galvanized tank and surrounded 
by a water bath. One battery was maintained at a temperature of 
20° C., the water being warmed or cooled when and as required. The 
other two batteries were maintained at temperatures of 28° C. and 
45° C., respectively, by thermostatically controlled electrical heating 
units. The expansion and contraction of ether-filled wafers submerged 
in the water bath provided the means of breaking and making the cur- 
rent connection to the heating unit used. The heating unit in the case 
of the 28° battery was a submerged glass-enclosed electric light bulb; 
in the case of the 45° battery it was a filament resting on asbestos and 
placed beneath the galvanized tank. 

Initially, on June 21, 1935, each bottle received 3 liters of digested 
sludge from thé Ithaca plant and thereafter 100 ml. of fresh sludge 

* Presented before the Ninth Annual Meeting of the New York State Sewage Works Asso- 


ciation, New York City, January 22, 1937. 
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Fig. 1—20° and 28° C. experimental digesters. 


were added on each of 39 days during the 53 days duration of the test. 
On 9 of the 14 days when no sludge was added, sewage was being by- 
passed around the Ithaca plant because of the flood of July 8, and no 
sludge was available for experimental purposes. 

The following table gives the loadings of carbon to each of the 
fifteen units: 


Temperature Digestion Grams of Carbon | Equivalent to p.p.m. of 
Number Deg. C. Added Daily | Carbon in Raw Sewage 


Digester 
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VotuME oF Gas Propucep 


Gas was collected in inverted cylinders and withdrawn at frequent 
intervals, observations being made of the volume of gas, the existing 
temperature and barometric pressure, and the water pressure on the 
gas. The observed volumes of gas, reduced to the equivalent volumes 
at a standard temperature of 0° C. and a standard pressure of 760 mm., 
were used for comparative purposes. The total volumes of gas pro 
duced between June 21 and August 15 (1935) are shown in the dia 
grams in Fig. 2. 

The average volume of gas produced in all units of a series in 
creased with the temperature of digestion. 

The drop in gas production in all units, whether receiving or not re 
ceiving carbon during the July flood period, was pronounced but the 
drop was of lesser magnitude at 45° than at 28° or at 20° C. 

The accumulated gas volume for the sludge digested at 20° C. sug- 
gested that from 7 to 15 p.p.m. of carbon gave better gas production 
than no carbon. In digesters 9 and 10 gas production began to de- 
crease after the enforced lack of feeding following the July flood. Ex- 
cept for digester 9 the volume of gas produced decreased with increas- 
ing carbon content. 

The accumulated gas volumes for the sludge digested at 28° C. seem 
to indicate that digestion proceeded best without the addition of car- 
bon, and except for digester number 3 the volumes of gas produced de- 
creased with increasing carbon content. Up to the time of the break- 
ing of digester number 3, only 3 per cent difference existed in the con 
tent of gas produced in the four units receiving carbon, and the amount 
of gas produced in each unit did not vary much after July 21. 

The accumulated gas volumes for the sludge digested at 45° C. 
indicated slightly more gas production when 7 p.p.m. of carbon was 
added than for any of the other units. Without exception, the volume 
of gas produced decreased with increasing carbon content. Digester 
number 11, which received no carbon, produced the same amount of 
gas as was produced in digester number 18, which received 15 p.p.m. of 
carbon, and but 2 per cent less than that produced in digester number 
12, which received 7 p.p.m. carbon. 

At 20° C. carbon seemed to favor digestion materially, at 45 
slightly, and at 28° it did not appear to be advantageous. 


CoMPOSITION OF GAS 


Because of the difficulty of sampling and measuring the small vol- 
ume of gas produced in the units, only a few analyses of the gas were 
attempted. The following tests were made: 
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. Composition of Gas Per Cent 
Date Digester Temp. 
Number 
CO, CH, H, Other 
July 1, 1935 1 28 34.8 49.1 8.4 (ei: 
“ 2 28 32.6 54.1 4.7 8.6 
we 3 28 S21 57.3 5.4 5.2 
ee 4 28 32.1 55.0 6.5 6.4 
33 5 28 32.8 54.7 4.7 7.8 
July 2, 1935 6 20 35.8 56.3 0.5 7.4 
15 ic 20 32.2 62.8 0.0 5.0 
- 8 20 28.1 52.2 0.0 19.7 
ses 9 20 35.4 55.5 2.1 ta 
* 10 20 obt 63.0 0.0 5.9 




















DRaAINABILITY 


The relative drainability of sludges from the fifteen units was de- 
termined by use of Buchner funnels, the filtration being continued until 
the mat in the funnel maintained a vacuum of 23 inches of mercury. 
At this vacuum the moisture content of the mat was in the neighbor- 
hood of 55 to 60 per cent. 

In five of the six series of five tests each that were made, the sludge 
that drained most readily contained 1 per cent of carbon. The results 
are shown graphically in Fig. 3. Irregularities in some points in the 
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curves are due to difference in the total solids of the sludges as with- 
drawn. In general the presence of carbon favored more rapid drain- 
ing of the sludge. Increase in the temperature of digestion increased 
the time necessary for draining a sludge of a given carbon content. 


SLuDGE CHARACTERISTICS 


The sludge used in seeding the digesters originally contained 7.33 
per cent solids of which 53.7 per cent was volatile material. 
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The fresh sludge added in the daily feedings contained an average 
of 3.5 per cent solids, varying from 1.7 to 4.5 per cent and the volatile 
content of the solids averaged 71.5 per cent, varying from 66 to 77 per 
cent. The hydrogen ion concentration ranged from 5.3 to 6.1. 

The sludge drawn from the digesters during the progress of the ex 
periments varied but little in total solids and volatile solids as is shown 
in the following table: 








: Total Solids, Per Cent Volatile Solids, Per Cent 
Digester | 
Number Zz ws 2 oe oe | ; y ' | - 
| Max. Min. Aver. | Max. | Min. | Aver. 
1 9.2 2.5 5.0 54.0 49.8 52.0 
2 | 6.8 1.2 56 | 652.7 49.2 | 51.1 
= | 6.6 3.9 5.5 54.8 53.1 542° 
1 | 10.0 3.1 6.0 | 56.9 46.1 52.8 
5 5.5 2.3 1.2 | 584 41.6 52.4 
6 1.7 2.3 3.8 | 56.3 50.3 52.4 
7 9.8 2.4 5.1 | 6.9 482 | 524 
8 | 6.8 27 15 57.0 | 463 #| 513 
9 noe 52 | 563 | 48.6 | 53.4 
10 5.9 | 3.5 5.0 | 58.7 37.5 | 51.5 
1 14 17 310] | 88 | 
12 ef 3.6 1.5 55.6 47.4 51.6 
13 5.1 2.1 3.5 | 555 | 47.6 | 51.6 
14 | 5.2 2.4 ee | 472 | 53.5 
15 | 1.8 1.1 3.5 60.3 | 447 | 54.1 


* Digester number 3 broke during experiments. 


Sludge was not withdrawn from the experimental digesters on Au- 
gust 15, 1935 when the addition of fresh sludge was discontinued. Di- 
gestion was allowed to continue until no further gas was given off. Gas 
production in digesters 5, 6, 7, 8, 9, 10 and 14 ceased during August, 
September and November, 1935. Gas continued to evolve from di- 
gesters 1, 2, 4, 11, 12, 18 and 15 until April, 1936, a period of eight 
months after the final fresh sludge was added. These latter digesters 
were operated at temperatures of 28° and 45° C. All digesters were 
initially charged on June 21, 1935. 

Evolution of gas at 20° C. ceased prior to the time at which gas was 
given off at 28° and 45° C., and at 20° and 28° C. the digesters with the 
maximum amount of carbon were the first to cease evolving gas. 


EXpeERIENCE AT THE Crry or IrHaca Dicestion TANK 
Gas Propuction 


About the middle of November, 1935, carbon was added to the di- 
gestion tank of the City of Ithaca, the object being to observe what 
changes occurred when using carbon in an operating tank. 

Samples of the sludge, added daily, were analyzed for total solids, 
ash, and for hydrogen-ion concentration; gas as produced on various 
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days throughout the period of operation was collected at hourly in- 
tervals for a period of 24 hours, and analyzed for carbon dioxide, 
methane, hydrogen, and oxygen; and the amount of gas produced each 
day during the period of test was obtained from meter readings. The 
average of the 24 or 25 samples collected on any one day was taken as 
the average analysis of the gas for the day. 

Carbon was added to the digester in a suspension by mixing 35 
pounds of the carbon with approximately 35 gallons of water and in- 
troducing the suspension into the fresh sludge entering the well from 
the sedimentation tank. Mixing of the carbon with the sludge was 
secured by the agitation of the inflowing sludge and by the pump in 
elevating the raw sludge to the digestion chamber. The following 
amount of carbon was added: 





Ploy, BO=—GC. Ay TOS ie ea. P oe Moiese cee OM DSS isis. 2. cco nies silcssreierseesees 1715 pounds 
DGCH ORC: BOS MEOOO pecs seems os Seas cers DASA SES eehictors.hetares free chaeiiearens 395 pounds 
NED: ZO WEARS Pls) LOGO! thsi wie viepe eo ar tree seteiecs WE PUES yea enacecs ie sactis, oceeauatewateess 595 pounds 

TS See RAP Ch CARCI OT CROCE CIT RC BERENS eR OK RCE R AECe MR PRG ara 2705 pounds 


The rate of application varied from 5 p.p.m. to 0.6 p.p.m., except for 
the first day, when the carbon was applied at the rate of 8.75 p.p.m. 

Figure 4 graphically shows the amount of gas produced daily; the 
pounds of dry volatile solids added daily to the digestion tank; the 
volatile matter in the fresh sludge and the hydrogen-ion concentration 
of the same; the days during which carbon was added to the digester ; 
the influence of carbon on digester temperature between February 24 
and March 17, 1936; and the effect of the March, 1936, flood on the 
amount of volatile solids added to the digester and the volume of gas 
produced by the digester. 

On each occasion after beginning to apply carbon, gas production 
fell off, and since the gas generated at the plant is used for heating the 
pumping station as well as for heating the sludge in the digestion tank, 
it was deemed best to discontinue the addition of carbon even though 
the tank had not yet been thoroughly charged with carbon equivalent 
to a dose of 5 p.p.m. of incoming sewage. 

While the graphs for volatile solids added to the digester, and for 
the volume of gas produced show some corresponding increases and 
decreases of volume, the two graphs do not parallel one another. 

Temperature of the sludge in the digestion tank, withdrawals of 
sludge from the tank, and the amount of volatile solids added to the 
tank all influence the volume of gas produced. The relatively short 
intervals during which the carbon was added do not warrant attribut- 
ing the decreased gas production to the addition of the carbon. 


Gas CHARACTERISTICS 
Gas was collected at the plant on twelve days during the observa- 
tion period. A summary of the analyses obtained on seven days pre-. 
ceding the addition of carbon, and on the twelve days following the 
first addition of carbon is given in the following table. 
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Because of the variation in the composition of the gas from hour to 
hour, it was deemed necessary to collect hourly samples, and the aver- 
age of the hourly samples was considered as giving the composition of 
the gas for the day. 


Summary Daily Gas Analyses, Ithaca Digestion Tank 










































































Date 1935 CO. CH, H, 0. co Mise. No. Samples 
| Averaged 
Nep: hand? .2s.0.5..4% 29.6 48.2 6.8 0.7 0.2 14.5 25 
Wana ictal SZ 43.4 8.3 0.8 0.2 14.5 24 
POMBE 20 ese lseee| SBE 49.7 6.7 0.4 0.3 10.2 24 
DO AMES 66S eaccch OLS 55.4 4.9 0.5 0.1 PEC: 24 
Oct. 17 ahd 18 ....2 se. 045 31.4 48.6 12.4 0.6 7.0 22 
Nove PANGS. 6456 dicted o's 33.0 43.5 8.1 0.4 15.0 24 
Sand 16... ... sec “oe 43.7 6.5 0.6 16.8 24 
Averages. ..... re ee 47.5 | ead OG | O2 | 0 
Added Carbon, Nov. 18—Dec. 4, Dec. 10-20, 1935 
idea e pry Fc aeei | : : 
Noy: 21 and 22... | 32.7 49.1 115 11 5.6 25 
OF and 28.55. | 34.2 45.8 13.2 0.6 6.2 25 
Dec. 6 and 7..... | 31.3 | 49.9 8.4 0.6 9.8 17 
Dec: 1Sand 14..........0¢] “S28 48.7 4.7 0.4 13.9 23 
Averages........ | 326 | 48.4 97 | 07 8.6 
1936 | 
Jan. 6 and 7. . | 32.1 52.0 3.6 0.5 11.8 25 
29 and 30. 34.3 48.0 4.8 0.2 27 2 
Feb. 2 and 3. | 33.6 50.1 4.5 0.2 11.6 22 
17 and 18 | 33.6 18.5 45 | 0.2 13.1 24 
Averages. 33.4 49.8 1.3 0.3 12:2 
Added Carbon, Feb. 24—Mar. 17, 1936 
PD ule I aa | Kors 
Feb. 27 and 28............| 33.9 | 53.7 14 | 02 10.8 25 
Mar. 12 and 13.... oh oe 51.4 2 0.2 12.4 25 
Averages. ....... cach) Soar §2.5 0.2 11.6 
Mar. 22 and 23..... ee ee 46.4 9.2 0.2 8.6 19 
April 5 and 6..... Aaa 36.3 49.1 4.5 0.2 9.9 25 
VETER soot esos et | 36.0 47.8 6.9 0.2 




















The average values of the analyses show a slight increase in the 
amount of carbon dioxide, and increase of about 5 per cent in the 
methane content (10 per cent of the methane) and a pronounced de- 
crease in the hydrogen content. The sum of the methane and hydro- 
gen, however, remained fairly constant. The carbon dioxide content 
does not show the same variation as the hydrogen and methane, and 
should not be used to show the quality of the gas. 

The hourly variation in the composition of the gas from the Ithaca 
digestion tank on three days is shown in Fig. 5. 
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SLUDGE CHARACTERISTICS 


Carbon was not added sufficiently to note changes in the sludge as 
withdrawn. The fresh sludge as added had a total solids content of 
3.) per cent, of which about 70 per cent was volatile, and the pH aver- 
aged slightly less than 6.0. The digested sludge as drawn from the 
tank on seven occasions during the observations was uniform in char- 
acter having an average total solids content of 8.3 per cent, a volatile 
solids content of 50.7 and a hydrogen ion concentration of 7.0. 


EFFECT OF CARBON ON THE TEMPERATURE OF THE SLUDGE WHEN ADDED 
To THE Dicestion TANK 


From February 22 to March 17, 1936, daily observations of the tem- 
perature of the sludge in the Ithaca digestion tank were taken. Car- 
bon was added daily from February 25 to Mareh 17. For the first 
twelve days carbon was added at the rate of 1.25 p.p.m. and for ten 
days the rate was 0.6 p.p.m. The temperature rose from 82°F. to 
88° F. during the time the carbon was being added. 

A comparison of the outside air temperature curve with the tem- 
perature curve of the sludge as shown in Fig. 6 would suggest that the 
sludge temperature may have been influenced by external temperatures. 
The Ithaca digestion tank is covered with soil and it is not believed 
that outside temperature changes would entirely account for the rise 
in temperature. Sludge withdrawals account for the pronounced fal! 
in temperature, but the increase in temperature from the average of 
84° to 88° F. is believed to be due to the presence of the carbon. 


EFrect oF THE Marcu F'Loop on THE PropucTIoN or Gas 


The March flood of 1936 exerted a marked influence on the gas pro- 
duction of the Ithaca digestion tank, as is shown in Fig. 4. The aver- 
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age flow of sewage for the year 1936 was 2,400,000 gallons daily, and 
on March 8 and 9 stood at that figure. For a period of twenty days 
following the flood the daily flow exceeded 5,000,000 gallons and on 
three of these days was slightly in excess of 9,000,000 gallons. 

The heavy infiltration overtaxed the capacity of the two sedimen- 
tation tanks and the high velocity at which the water passed through 
the tanks caused diminution of settled solids to such an extent that 
the amount of volatile solids dropped from 3800 pounds daily to 200 
pounds. The daily gas production dropped from 24,000 cubic feet to 
8900 cubic feet. 
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Fig. 6 


Experience WitH Larce ExpertMeENTAL DIGESTERS 
Volume of Gas Produced 


Plans having been made to begin studies in April, 1936, involving 
the digestion of garbage with sewage sludge, it was not possible to con- 
tinue the studies with carbon at the Ithaca plant after the March flood. 
Carbon appearing in the supernatant overflow, and mixed with the in- 
coming raw sewage darkened the fresh sludge and would have intro- 
duced another variable into the work with garbage. 

For further investigation four experimental digesters of a battery of 
sixteen, as shown in Figs. 7 and 8, each of a capacity of fifty-five gallons 
were seeded with 30 gallons of digested sludge from the Ithaca diges- 
tion tank. To each of these there was added daily 6.75 pounds of 
fresh sludge. The ratio of sludge added to the experimental digester 
to the average sludge content of the unit was made to equal the ratio of 
sludge added to the Ithaca digestion tank to the sludge content of the 
tank. 
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It was not until May 15, 1936, that gas leakage from the tanks 
seemed to be stopped and the tanks were operated from May 15 to 
July 16, adding raw sludge only. At this time all of the tanks seemed 
to be producing gas at the same rate, although the total amount of gas 
produced by each digester was not the same. From July 16 to Novem- 
ber 2, 1936, 5.34 grams of carbon was added daily, six days per week to 
digesters 1 and 6 with the regular charge of fresh sludge. This dosage 
was equivalent to between 4 and 5 p.p.m. of carbon to the sewage equi- 
valent of the sludge. Digesters 4 and 5 received only the charge of 
fresh sludge. From November 2 to December 21 all four digesters 





Fig. 7.—55-gallon experimental digestion tanks. 


were charged with fresh sludge only. It was felt that by operating 
the tanks in this manner the effect on the quantity of gas produced, of 
adding and withdrawing carbon, would be more evident. 

For a week prior to the addition of carbon to digester 6 it was pro- 
ducing gas at the same rate as were the other digesters. Soon there- 
after and for the balance of the test period this digester showed less 
gas production than any of the others, suggesting the possibility of 
leakage. Filling all seams and covering joints did not seem to make 
any change in the amount of gas collected. 

After sludge was withdrawn from the digesters on Dec. 21 they were 
all tested for leakage of air by a back pressure on air trapped in the 
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tanks. Considerable leakage from digester 6 was disclosed, and the 
observations for quantity of gas produced by the digesters are un- 
| reliable. Leakage occurred at a joint between the feed pipe and a 
bushing within the digester. 

Slight leakage from digesters 1, 4 and 5, amounting to 1 per cent 
under maximum pressure possible for 24 hours was also found, the 
leakage from digesters 4 and 5 being a trifle in excess of that from 
digester 1. 

The total amount of gas produced in digesters 1, 4 and 5, was 315, 
318, and 333 cubic feet. 








Fig. 8. 





Gas collecting tanks. 


The graphs as shown in Fig. 9 do not indicate any change in the 
rate or amount of gas production during the progress of the test in any 
of the digesters, of which number 1 received carbon at the rate of 4 
to 5 p.p.m. of sewage flow. 


Gas Analyses 


Averages of analyses of the gas from each of the digesters showed 
very much the same trend. Little change in the amount of any of the 
constituents of the gas was found, though individual samples showed 
more pronounced variations in the amount of methane and hydrogen. 
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A summary of the averages of gas analyses is given in the following 
tabulation. 

















= ee Pn 
Period of Production Number No. of iainians 
1936 = of Samples Faded wt | 
| Digester | COs | CH, | He | O. | CO 

June 10-July 4 1 8 | 2 | 59 | 49 | 06 | 
July 22-Nov. 2 1 9 | 22 | 57 | 4.5 1.0 0.2 
Nov. 9-Dee. 21 1 6 22 | 56 4.4 sy 0.5 
June 10-July 8 4 4 2 | COUT 6.0 0.2 
July 21-Nov. 2 4 9 22 | 54 6.7 0.4 0.2 
Nov. 9-Dee. 21 4 6 22 | 60 | 43 | 1.4 0.3 
June 9June 30.... a 4 22 | 56 | 19 0.4 
Aug: 7-Nov. 2............| 5 9 23 | 51 | 63 0.7 0.2 
Nov. 8-Dee. 21...... oo” 6 2 | 53 | 22 0.7 | 0.2 
June 9July 15... ; 4 23 | 59 | 60 | 05 
July 21-Nov. 2........... 6 10 | 2 | 56 | 71 | 10 | 02 
Nov. 9-Dee. 21... | 6 6 | 22 | 55 | 38 | 05 0.2 








| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


These averages are for the periods before, during and after the ad- 
dition of carbon in each of the digesters. Although the methane con- 
tent of the gas drawn from digesters 1 and 6, while carbon was being 
added, is less than the methane content of the gas before carbon was 
added, vet the drop in the average methane content of the gas of diges- 
ters 1 and 6 is less than the drop in the methane content of the gas of 
digesters 4 and 5 for these two periods. During the period November 
8 to December 21 when all digesters were receiving the same feeding of 
sludge, digesters 4 and 5 showed an increasing methane content of the 
vas, While digesters 1 and 6 showed a slightly decreasing content. 

The low carbon dioxide content of the gas is due to absorption of 
the earbon dioxide by the water over which the gas was collected. Due 
to the lesser solubility of methane than carbon dioxide the absorption 
of carbon dioxide would tend to increase the percentage of methane 
reported. 


Sludge and Supernatant Characteristics 


Summaries of the characteristics of the fresh sludge added to the 
digesters, and of the sludges withdrawn from the digesters before, 
during and after the addition of carbon to digesters 1 and 6, are given 
in the following table. 

Little change was noted in the volatiles of the withdrawn sludge dur- 
ing the tests. The hydrogen-ion concentration of the fresh sludge, and 
of the withdrawn sludge was very uniform throughout the duration of 
the tests. The hydrogen-ion concentration of the withdrawn sludge 
does not indicate that the addition of carbon made any change in the 
concentration. 

The supernatants drawn from all digesters contained less than 
1 per cent total solids, the per cent of volatile solids varying markedly 





Date 1936 


May 22-July 


July 21-Nov. 2..... 


Nov. 3-Dec. 19 
May 22-July 
July 21—-Nov. 2.. 
Nov. 
May 22-July 
July 21-Nov. 2 
Nov. 3—Dec. 19 


Date 


May 22-—July 
May 21-July 
May 21-July 
May 22-July 2: 


| 


bo bo bo bo 
bt b> Wb bo 


May 22-July 
May 21-July ‘ 
May 21—July 
May 22-July 


bt bo bo bo 
bo hw bh bo 


July 29-Oct. 30 
July 30-Sep. 13 
July 29-Oct. 30 
July 30-Oct. 2: 


July 29-Oct. 
July 30-Sep. 
July 29-Oct. 


30 


30 


July 30-Oct. 23.... 


Nov. 16—Dee. 11 
Nov. 16—Dee. 7. 
Nov. 2—Dee. 


Nov. 16—Dec. 7... 


Nov. 16—Dece. 11 
Nov. 16—Dee. 7.. 
Nov. 2-Nov. 


3-Dec. 19.... 


1936 


| yee 


nov. 16-1000, 7... .. <<< 566% 


Summary Digested Sludge Characteristics 
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Summary Fresh Sludge Characteristics 





Number 
Samples 


49 Total Solids 
79 

39 

49 Volatile Solids 
79 

39 

49 pH 
79 

39 


Number : 
Digester | 


Samples | 
7 1 
8 { 
7 5 
9 6 | 

| 

~ | 

( 1 | 

8 { | 
7 5 
9 6 
9 1 
7 { 
10 | 5 
10 6 

| 

9 1 | 

a 4 | 

10 5 | 
10 | 6 
3 1 
3 4 
2 | 5 
2 6 
«4 1 
3 4 
2 5 
2 6 





| 50.8 | 





Per Cent Solids 














March, 1937 





| 
| 
| Aver. Max. Min. 
ee: 5.4 1.5 
| 3.8 8.3 1.4 
| 4.0 5.4 2.1 
| 73.8 79.1 70.2 
72.9 80.2 64.6 
76.7 81.9 72.5 
5.6 6.4 3.3 
5.6 6.1 5.2 
5.7 | 6.2 5.2 








Total Solids | 
| 


: Min. | 


Ave. | Max 

( i Gf C7 | 

cf | ( c 

89 [112] 7.7 | 72 | 
$0 | 129] 23) 72 |} 
911132 | 781 72 | 
79|126| 1.7] 7.1 | 


Volatile Solids 





| 49.9 | 55.2 | 45.4 | 
| 51.7 | 54.1 | 47.4 | | 
19.9 | 51.9 | 48.2 | | 
52.6 | 46.8 | | 


Total Solids 





9.6 | 16.5] 1.8] 7.2 
1461135) 68) 73 | 
971125] 59| 73 | 
9.0 | 12.1 | 66] 7.2 | 
Volatile Solids 
53.8 | 61.8 | 49.0 
52.1 | 53.9 | 50.3 | 
52.8 | 61.7 | 50.7 | 
55.7 | 60.7 | 51.0 | 


Total Solids 








8.8 | 12.6 | 6.3 | 7.0 | 

ee Seas ome | 

7.0 | 7.7 | 6.4] 7.0 | 

6.3 | 6.7] 59] 7.1 | 
Volatile Solids 

54.2 | 57.9 | 47.6 | 
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57.6 | 58.3 | 57.1 
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depending upon the presence or absence of sludge particles in the super- 
natant. The hydrogen ion concentration was very uniform ranging 
from 7.0 to 7.3. 

The digested sludges drawn from the digesters had an average total 
solids content of from 6 to 11 per cent, a volatile solids content from 
50 to 58 per cent, and a hydrogen-ion concentration ranging from 7.0 
to (.0. 


Reduction of Odors 


During the early experiments when the small gallon digesters were 
being charged, and later in charging the fifty-five gallon digesters, the 
reduction of odor in the fresh carbon-charged sludge was very pro- 
nouneed. 


CoNCLUSIONS 


The sewage of Ithaca is primarily a domestic sewage. Such tests 
as have been made do not indicate that it differs materially from the 
average of domestic sewages. 

The conclusions drawn from the investigations are based upon con- 
ditions at Ithaca, but it is felt that they apply to average domestic 
sewages. 

1. The addition of activated carbon to fresh sludge reduces odor. 

2. While the evidence is conflicting, the use of 5 to 15 p.p.m. of ear- 
bon in sludge digestion at 20° C, appears to yield more gas, than is pro- 
dueed when no carbon is used; at 28° C. this same advantage does not 
appear. When added to the sludge in greater amounts the carbon ap- 
pears to reduce the amount of gas produced at all temperatures. 

3. At 20° C. the presence of carbon in the sludge resulted, in com- 
pleted digestion earlier than when no carbon was used. At 28° and 
45° C. no advantage in this respect was shown. 

4. The evidence indicates that the addition of activated carbon to 
sludge increases the methane content of the gas produced. 

5. The addition of activated carbon to sludge increases the drain- 
ability of the sludge, the maximum influence in shortening the time of 
draining occurring when carbon is used at the rate of 30 p.p.m. 

6. Little or no change in the hydrogen ion concentration of digested 
sludge due to the addition of carbon, was noted. 

7. When used in small amount, less than 5 p.p.m., an increase in the 
temperature of the sludge was noted after adding carbon. 














OXYGEN DEMAND STUDIES 


By Jerome Burrie (with A. M. Buswet.) 


Illinois State Water Survey, Urbana, Illinois 


The question of accurate quantitative analyses of sewage has long 
intrigued sanitary and analytical chemists. The very dilute character 
of wastes (domestic sewage about 99.95 per cent water) coupled with 
the heterogenous nature of the elements and compounds found therein 
make precise determinations well nigh impossible. Application of 
satisfactory tests which might be used as measures of the ‘‘strength’ 
of a waste or of the degree of pollution of a stream have been espe- 
cially difficult and those which exist today are generally considered to 
be unsatisfactory. 

The discovery by Dupre’ that the self-purification of streams is 
brought about by microorganisms in the water which destroy organic 
matter and use up dissolved oxygen in the process, served as the basis 
for the biochemical oxygen demand test which is the standard today. 
This determination, employing as it does the dilution technic of 
Adeney ***** and the Rideal-Stewart* modification of the Winkler’ 
dissolved oxygen test, was first officially recognized by the Royal Sew 
age Commission in 1913" and has persisted with a few changes until 
it appears as the present standard method.’ 

In his early work reported in the above references Adeney also sug- 
gested use of a direct absorption technic for measuring the amount 
of oxygen utilized during biochemical purification. This procedure 
though simple and direct, gained little favor because of the difficulty in 
finding satisfactory apparatus.'' The direct absorption technic was 
revived by Sierp** and by Symons and Buswell ** but the method failed 
to catch popular fancy. Ina recent publication Burtle and Buswell”™ 
described the use of the Nordell machine, now called the Odeeometer, 
for the determination of oxygen demand of trade wastes. In this 
paper direct absorption as carried out in the Odeeometer is applied to 
domestic sewage. 

A survey of recent literature shows a definite increase in interest in 
chemical means of measuring degree of pollution due principally to 
work by Mills’*’® and by Lovett and Garner.’ Moist combustions 
with collection of carbon dioxide and subsequent calculation of the 
amount of carbon present were first successfully carried out by Mes- 
singer."* The method has been improved and moist combustion tests 
have recently been applied to sewage by Mohlman and Edwards,” the 
investigators mentioned above, and Heukelekian and Rudolfs.*° The 
only standard chemical method for estimating degree of pollution is 
the oxygen consumed from permanganate test as presented in Stand- 
ard Methods.” 

This paper reports a survey of the following methods which might 
be used for measuring degree of pollution; the dilution B.O.D., oxygen 
224 
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consumed from permanganate, direct absorption B.O.D., and moist 
combustions. 


Experimental 


Comparison of Dilution and Direct Absorption B.O.D.’s 

For this work dilution B.O.D.’s were carried out in accordance with 
the directions given in Standard Methods.* All direct absorption 
measurements were carried out in the Nordell Odeeometer. In a 
previous paper Burtle and Buswell** described the Odeeometer and 
explained its adaptation to the determination of B.O.D. They showed 
that with domestic sewage two definite peaks occur in the oxygen de- 
mand curve as plotted from Odeeometer data; the first occurring 
shortly after the start, and the second, marking the beginning of the 
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Fic. 1.—Curve showing rate of oxygen demand of domestic sewage by Odeeometer, extended 


to start of nitrification stage. 


nitrification stage, occurring forty-five to fifty hours after the begin- 
ning of aeration. 

The first consideration in this investigation was to attempt to again 
show the point of second rise or nitrification stage. Accordingly, a 
sample of Champaign-Urbana domestic sewage showing no trace of 
nitrates was placed in the Odeeometer and aerated. Readings were 
made every hour. The results are shown in Fig. 1. This curve shows 
the second rise at the forty-sixth hour of aeration. At this time the 
caleulated Nordell number (p.p.m. of oxygen absorbed per hour) 
showed a definite increase and the nitrites rose from 0 to .02 p.p.m. 

The significant feature of this curve is that the second rise occurred 
at approximately the same hour that it occurred on the sample investi- 
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gated by Burtle and Buswell in their previous work.’* Moreover, 
B.O.D. values calculated to this point agreed closely in both cases with 
dilution B.O.D.’s obtained in parallel tests. 

It occurred to us, therefore, that direct absorption B.O.D.’s closely 
confirming 5 day dilution B.O.D.’s might be calculated by assuming 
that the nitrification stage occurred always at the forty-sixth hour. [1 
would then be necessary simply to evaluate the first part of the raie 
curve, making hourly readings only until the Nordell number reached 
a constant value (generally 8-12 hours). Extrapolation along the 
straight line given by this constant value (see Fig. 2) to the forty-sixth 
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Fic. 2.—Curve of rate of oxygen demand of domestic sewage by Odeeometer, showing extra 
polation to nitrification stage. 


hour should give a satisfactory B.O.D. Results given in Table I ex- 
pressing 5-day dilution values and direct absorption B.O.D.’s caleulated 
as explained above show excellent agreement in all but the last case. 
It will be noted that the percentage error in all cases, excepting sample 
6 under filtered sewage, is less than ten. This ‘is within the limits of 
accuracy, found by Theriault * to exist between various dilutions of the 
same sample tested by the standard dilution method. Even filtered 
sample 6 is not far out of line and it is probable that most of the error 
is in the dilution rather than the direct absorption result. It will be 
noted that the direct absorption value is much more consistent with the 
other values for filtered sewage than is the dilution value. 

In the determination shown in Fig. 3, readings were made only until 
the first peak of the curve was evaluated. No more readings were 
made until the thirteenth hour of aeration when it was assumed that 
the Nordell numbers would have reached a constant value. The curve 
was sketched through the observed points and the intervening values 
taken from the graph. Agreement was close in this case also. This 
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TABLE I 
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SHOWING VALUES OBTAINED GRAPHICALLY 
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* This sample was taken shortly after a heavy rain which explains the very low B.O.D. 


Curve of rate of oxygen demand of domestic sewage by Odeeometer, showing method 
of determining missed values graphically. 
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points out that hourly readings are necessary only to establish the 
maximum value in the first peak of the curve and to determine the point 
at which constant Nordell numbers are obtained. The rest of the curve 
may be sketched in and valid values for hourly Nordell numbers may 
be obtained from which a fairly accurate B.O.D. may be calculated. 
The advantages of such short cuts might become important in routine 
analysis. 

It is evident from the above results that the Nordell Odeeometer 
offers a means of determining B.O.D. values which are quite com- 
parable to those obtained by the dilution method. With the direct ab 
sorption method the time required is cut from five days to a matter of 
ten to twelve hours. Furthermore, no dilution is required and the 
large starting sample (four litres) cuts down sampling error. Un- 
fortunately, values obtained are as empirical as those in the dilution 
method but are obtained with greater ease, speed, and consistency. 


Chemical Oxidations 


The oxygen consumed from permanganate test represents the only 
standard chemical method for measuring degree of pollution. In the 
course of some work involving fermentation of pure compounds, ear- 
ried out in this laboratory, it was noted that materials high in volatile 
acids were frequently very low in oxygen demand as shown by the 
oxygen consumed test. Accordingly, a series of pure solutions of 
acetic, propionic, and butyric acids was prepared and standardized. 
Each of these solutions was tested for its oxvgen demand by means of 
the oxygen consumed test. Results are shown in Table II. 








TaBLeE II 
: | p.p.m. acid in sie a | p.p.m. oxygen % 
Acid : required ‘ beats 
| solution (theoretical) | consumed oxidation 
ae = | —— —| pies ee ca a oe Le 
Acetic | 1047 1117 | 266 23.8 
| 1000 | 1067 200 18.7 
| | 
| 
| 
Propionic | 1029 | 1557 30 1.9 
| 1058 | 1601 60 3.1 
| | 
| | 
Butyric 993 | 1805 80 4.4 
993 | 1805 70 3.8 


These results show that the ‘‘oxygen consumed’’ determination is 
entirely inadequate in estimating the oxygen demand of volatile acids. 
This fact would seriously impair the usefulness of the test when ap- 
plied to certain trade wastes which are high in these acids. Moreover, 
by inference from the above results, we may easily imagine other com- 
pounds which would be resistant to oxidation by permanganate under 
the mild conditions of this test. These data indicate the unsatisfactory 
nature of this test as a moist combustion method. Further results ob- 
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tained by it are reported but only to give a complete picture of the 
oxygen demand methods as applied to sewage. 

In studying moist combustion as a means of determining the 
strength of sewage it was first necessary to choose an oxidizing agent 
capable of completely oxidizing the organic matter in sewage. This 
entailed the selection of a reagent which would, in the presence of 
large amounts of water, break down the polluting compounds with the 
quantitative production of carbon dioxide. Perusal of the literature 
indicated that three were particularly promising. These were: the 
chromic, sulphuric, phosphoric acid mixture of Schollenberger ;** po- 
tassium persulphate suggested by Franz and Lutze;** and potassium 
permanganate in strongly acidic solution.” To complete the picture a 
fourth reagent, alkaline permanganate,” was also investigated. 

To determine the efficiency of each of the oxidants, eleven pure com- 
pounds were tested with each reagent. These pure compounds in- 
cluded: acetie acid; benzene; chloracetie acid; cellulose (filter paper) ; 
elycerol; phenylalanine; potassium acid phthalate; sucrose; phenol; 
stearic acid; and sodium stearate (stearic acid + excess NaOH). 

The apparatus used in studying the moist combustion reactions of 
pure compounds was a simple one and is shown in Fig. 4. The reaction 

















AIR 
AIR Up 








A 


Fig. 4.—Diagram of apparatus used in the moist combustion of pure compounds. 


flask A was fitted with a thermometer and a separatory funnel for the 
addition to reagents and was connected to a reflux condenser. Carbon 
dioxide-free air was bubbled through the reaction mixture through the 
air tube shown. The evolved gases were carried through the con- 
denser and fume trap B into a purification train. Tube C contained a 
saturated aqueous solution of CrO, for use with the reagents employ- 
ing sulphuric acid. Its function, when used, was to absorb acidic 
oxides of sulphur. The U tubes D contained anhydrone for the re- 
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moval of water vapor and EF was an ascarite bulb for the collection of 
carbon dioxide. Tube F, containing soda-lime, protected the ascarite 
from back diffusion of the atmosphere. When chloracetic acid was 
under investigation a trap containing acidified potassium iodide was 
introduced into the train to remove the chlorine from the gas stream. 

Phenylalanine alone of the compounds contained nitrogen. De- 
struction of this compound would undoubtedly result, as the first step, 
in the hydrolysis of the amino group according to the equations: 





(H1.80,) 
(1) C,H,CH(NH.)CH.COOH + H.O C,H.CH(OH) CH.- 
COOH + NU 
(2) 2NH, + H.SO, ————> (NH,).S80, 


Repeated blanks run on ammonium sulphate showed no increase in 
weight of the asearite. Oxides of nitrogen, therefore, were of no sig- 
nificance in these pure compound determinations. 

Frequent blanks were run on the reagents and the blank values, 
which included the weight increase due to any unremoved sulphur 
oxides and any carbon dioxide from the reagents, were deducted from 
the increase in weight of the ascarite tube during a complete run. 

Chromic Acid—The oxidizing agent consisted of a mixture of 
chromic, sulphuric, and phosphoric acids as suggested by Schollenber- 
ger.> The procedure was as follows: 

A portion of the compound containing ten to thirty milligrams of 
-arbon was placed in the reaction vessel and carbon dioxide-free air 
bubbled through the apparatus for fifteen minutes to sweep it clear of 
carbon dioxide. The previously weighed ascarite absorber was then 
connected and the oxidizing mixture added to the reaction flask. As 
recommended by Friedemann and Kendall,’ 2 cc. of concentrated 
sulphuric acid was added for each cubic centimeter of water present in 
the sample. The contents of the flask were brought to a gentle boil and 
held at that temperature for two hours. Heating was then discon- 
tinued but the air was allowed to bubble through the system for an ad- 
ditional half hour. At the end of that time the asearite tube was re- 
moved from the train, wiped carefully, and weighed. The weight of 
-arbon dioxide absorbed minus the blank value was calculated to carbon. 

Acid Potassium Permanganate.—Use of this reagent was suggested 
by DeNardo.* For the investigations described in this paper a satu- 
rated aqueous solution of KMnO, and a high concentration of H.SO, 
were used as the oxidizing mixture. The procedure employed was as 
follows: 

A sample of the compound containing the same amount of carbon as 
used in the chromic acid oxidation was placed in the flask and the train 
swept out as before. The KMn0O, and the sulphuric acid were mixed, 
allowed to cool, and then added to the reaction vessel. This had to be 
done because mixing of the two chemicals in the reaction flask caused a 
sudden evolution of so much heat that acetic acid vapors were driven 
out of the flask with the gas stream and stearic acid was vaporized and 
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condensed out in the solid state in the condenser tube. After the ad- 
dition of the oxidizing agents the reaction mixture was gently boiled 
for one hour. The train was swept out with carbon dioxide-free air 
for fifteen minutes after heating was discontinued and then the asearite 
tube was weighed as before. 

Potassium Persulphate.—The method outlined by Osburn and Werk- 
man** which is applicable in the presence of chlorides, large amounts 
of water, and of chlorine-sulphur-and nitrogen-containing compounds, 
was adopted as a model. 

A quantity of ecarbon-containing material sufficient to liberate be- 
tween 100 and 300 milligrams of carbon dioxide was placed in the re- 
action flask and carbon dioxide-free water added to make a total of 
about 180 ¢e.c. Ten grams of powdered potassium persulphate was 
added and the mixture stirred until all the persulphate was dissolved. 
A 10 @e. portion of 4 per cent AgNO; was introduced to serve as a 
catalyst and the apparatus was swept out with carbon dioxide-free air 
for fifteen minutes. The previously weighed ascarite tube was placed 
in position and the reaction flask immersed in water at a temperature 
of 70°-80° C. At this point Osburn and Werkman discontinue the pas- 
sage of air into the apparatus but our experiments were more success- 
ful if air was allowed to bubble through all during the run. 

As the reaction mixture became warm a black deposit of silver 
peroxide formed and at 70° C. a lively evolution of oxygen gas began. 
The temperature was kept between 70° and 80° C. until the solution 
cleared up and evolution of gas had stopped. The reaction flask was 
then removed from the water bath and the contents brought to a gentle 
boil. The boiling was continued for fifteen minutes and the ascarite 
bulb was then reweighed. 

The reaction may be expressed by the equation: 


K.8.0; + H.O ———> 2KHSO, + O 


Since the reaction becomes acid during the process, there is no difficulty 
in driving all of the carbon dioxide out of solution. 

Alkaline Potassium Permanganate.—The system of carbon dioxide 
absorption could not, of course, be applied with an alkaline reagent, so 
investigations with this oxidizing agent were conducted volumetrically. 
The method used was a modification of the one suggested by Kingscott 
and Knight *° for the determination of phenol. To a measured amount 
of the material under investigation were added one gram of sodium 
bicarbonate and an excess of potassium permanganate. For these de- 
terminations permanganate solutions approximately one-tenth normal 
were used. The mixture was boiled gently for fifteen minutes, allowed 
to cool, and filtered through sintered glass to remove the manganese 
dioxide formed in the reaction. The filtrate was acidified, heated to 
60° C. and decolorized with sodium oxalate. The colorless solution 
was back titrated with potassium permanganate. 

Results of the reactions between the oxidizing agents and the pure 
compounds are given in Table III. This table shows that all the com- 
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Acetie acid 


Benzene 
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% oxidation 
using KMnO, 
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is highly volatile so some arrangement for 
oxidation will probably have to be made to assure complete combustion 
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Benzene is not only 


+H.SO, 
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sodium stearate. Potassium persulphate was effective only against 
compounds which are water soluble. Water insoluble and colloidal 
compounds were attacked only slightly. Alkaline permanganate, under 
these conditions, was effective only against the more easily oxidized ma- 
terials, namely, glycerol, phenol, and sucrose. It was the least efficient 
of the four oxidants. 

The data in Table III indicate that, of all the oxidizing agents in- 
vestigated, the chromic, phosphoric, sulphuric acid mixture was the 
most promising. This reagent, accordingly, was employed in the in- 
vestigations carried out on sewage. 

Moist Combustions Applied to Sewage.—Having chosen the oxidiz- 
ing agent to be used in our comparative tests it became necessary to 
find an apparatus which would permit the application of the oxidant to 
a study of sewage. The simple apparatus used in the oxidation of 
pure compounds would not, of course, lend itself to use on polluted 
waters because of the presence in these wastes of compounds of nitro- 
gen and sulphur, both organic and inorganic which, on oxidation, would 
contribute acidic oxides of these elements to the gas stream. The prob- 
lem, then, was to discover a method of absorbing preferentially, the 
oxides of nitrogen and sulphur or to find a method which would not be 
disturbed by the presence of such oxides in the gas. 

Perusal of the literature of such oxidation disclosed only one sug- 
gestion for completely removing halogens, sulphur oxides, and nitro- 
gen oxides from the gas and allowing the carbon dioxide to pass on 
into the absorption tube. This was a method suggested by Desgrez 
and Vivario,”” which involved an extremely complicated purification 
train. In order to avoid such a complex apparatus we turned our at- 
tention to locating a method which would not be affected by the pres- 
ence of oxides of sulphur and nitrogen. Such a procedure is described 
by Mills." "® Lovett and Garner” report the application of the Mills 
method to sewage with some success and after due consideration it was 
chosen as the best available for our investigations. A few modifica- 
tions, however, seemed advisable and these were made. The reagent 
used by Mills consists of aqueous chromic acid and a three to one ratio 
of sulphuric acid to water. We retained the chromic, phosphoric, 
sulphuric acid reagent of Schollenberger and used a two-to-one ratio of 
sulphuric acid to water. We also adopted a longer reaction period 
than that suggested by Mills because no air is bubbled through the ap- 
paratus during the oxidation, the heat of reaction alone forcing the gas 
through the absorption towers. In view of this fact the heating time 
was extended to three hours to assure complete collection of the carbon 
dioxide. 

The reaction flask and condenser were exactly the same as used in 
the pure compound work and as the gas left the condenser it was 
passed through a scrubber containing a saturated aqueous solution of 
chromic acid to remove the oxides of sulphur. From this scrubber the 
gas was led successively through three Erlenmeyer flasks, each con- 
taining barium hydroxide. A soda lime tube protected these flasks 
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from back diffusion of the atmosphere. The carbon dioxide was pre 
cipitated as barium carbonate, which was weighed at the end of the 
run. Such an arrangement obviates the necessity of remvoing halo 
gens and oxides of nitrogen because these compounds do not form 
precipitates with barium hydroxide. 

Determinations were carried out according to the following pro 
cedure: A 50 ¢.c. sample of the sewage under examination was placed 
in the reaction flask and 1 ¢.c. of a saturated aqueous solution of silver 
sulphate added. With the flask connected to the condenser and im 
mersed in a bath of cold water, the phosphori¢ and sulphurie acid con 
stituents of the oxidation mixture, ineludine the excess of 2 @.e. of 
sulphuric acid for every ¢.c. of water in the flask, were cautiously in 
troduced. Carbon dioxide-free air was then bubbled through the mix 
ture for thirty minutes to remove dissolved and inorganic earbon 
dioxide. The barium hydroxide absorption flasks were then connected 
to the condenser, the chromic acid added, and heating commenced. At 
this point the external gas stream was shut off and the contents of the 
reaction flask brought to a gentle boil. The absorption tubes were 
placed in a water bath held at SO -100° C. to allow coagulation of the 
barium carbonate formed. The reaction was allowed to proceed for 
three hours when the absorption flasks were disconnected and a second 
soda lime tube connected to the unprotected end. After a sufficient 
cooling period the contents of the absorption vessels were filtered 
through a sintered glass crucible previously weighed. When filtration 
was completed the precipitate was washed from six to eight times with 
boiling distilled water to free it of adsorbed barium hydroxide. The 
crucible was then dried and weighed. 

Mills pointed out that the results obtained by this method were ex- 
tremely precise and reproducible. A few preliminary investigations 
were conducted to satisfy ourselves of the reproducibility of results by 
our modification. For this purpose two runs were carried out simul- 
taneously in two different oxidation trains, each using portions of the 
same sample of sewage. Blank runs were also conducted in the two 
trains using 50 ¢.c. of distilled water in place of the sewage. Satis- 
factory confirmations were obtained in the duplicate runs both with 
blanks and with sewage samples Results of two blank determinations 
are shown in Table IV while results from several duplicate analyses of 
sewage are shown in Table VY. 

The blank value expressed in Table IV seems high but confirmations 
between duplicates is good. Other blanks run from time to time closely 
confirmed the two shown. Moreover, Mills’ blank value was of the 
same order. We concluded, therefore, that the blank, though high, was 
accurate and entirely adequate. A value representing an average of 
all the blank determinations was deducted from the values obtained on 
sewage. 

Results of the duplicate determinations on sewage are shown in 
Table V. At first glance they seem a bit rough, but in comparison with 
other tests on sewage they are really very good. Various dilutions of 
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TaBLe IV 


Weight of barium carbonate in grams 
—_—| Difference (gms.) °. difference 
Train A Train B | 


£0357 .0364 0007 1.9 


TABLE V 


Organie carbon (p.p.m.) 


—_—J Difference (p.p.m.) | Co difference 
Train A Train B | 
186 18S 2.0 1.0 
199 192 7.0 } 55 5 
| 
86 S4 2.0 23 
102 9S 1.0 3.9 
134 122 12:0 8.9 
a) 3850 3770 SO.0 2.1 


a) This sample was not domestie sewage but liquor from an anaerobie digestion tank 


engaged in the decomposition of soy beans. 


the standard biochemical oxygen demand test seldom confirm each 
other more closely than five per cent and often miss as far as fifteen to 
twenty per cent. In the light of such facts, therefore, confirmations 
between duplicates of the chemical oxidations may be called very good. 
Closer confirmations could be obtained if an all glass reaction flask 
were used without rubber stoppers. This would eliminate possible 
oxidation of small amounts of rubber and would do away with the pos- 
sibility of leaks due to disintegration of the stoppers by the acidic 
fumes arising from the reaction vessel. 

As a final step in the study, sewage samples were investigated by 
all four of the tests for oxygen demand. Each sample of sewage was 
analyzed by moist combustion, direct absorption, dilution biochemical 
oxygen demand, and oxygen consumed from permanganate. The first 
two tests were applied as has already been explained. The other two 
were carried out in aceordanee with the directions given in Standard 
\Methods.**! The results, some of which have been presented in part in 
previous tables, are tabulated in complete form in Table VI and give 
some interesting information on the correlation which may be expected 
between the various determinations and the degree of consistency 
shown by each. 

Analysis of the results as expressed in Table VI brings to light sev- 
eral interesting facts. In the first place there is no numerical correla- 
tion between the results obtained by the moist combustion method and 
those of any of the other tests. This is to be expected because the moist 
combustions measure the amount of carbon present in the sample while 
all of the other tests measure the amount of oxvgen necessary to oxidize 
some part of this carbon. There is, in general, a loose sort of con- 
sistency between all of the tests, that is, an appreciable increase or de- 
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TaBLeE VI 
Organic carbon | Oxygen consumed | Dilution B.O.D. Direct absorption 
(p.p.m.) (p.p.m.) | (p.p.m.) (Standard B.O.D. 
(Moist combustion) | (from KMnQ,) Methods test) (Nordell Odeeometer 
Unfiltered sewage 
196 114 121 123 
187 101 135 144 
(a) 52 26 60 65 
160 63 125 113 
128 48 99 95 
172 71 153 141 
164 106 131 134 
Filtered sewage 
85 25 74 76 
133 46 | 95 90 
146 | 56 | 94 98 
150 66 113 115 
170 46 93 | 96 
178 84 180 | 37 








(a) This sample was taken shortly after a heavy rain which explains the anomalously low 
result. 


crease in one is reflected by an increase or decrease in the others. The 
consistency, such as it is, between chemical oxidations (moist combus- 
tion) and direct absorptions seems distinctly better than that between 
the combustions and dilution B.O.D.’s. The last result in Table VI 
shows this clearly. Here we have a consistent rise in both combustion 
and direct absorption B.O.D. results, but the rise in the dilution value 
is entirely unexpected and unexplainable. Such anomalously high 
values as well as occasional low results are repeatedly encountered in 
running dilution B.O.D.’s as a routine and represent one of the weak- 
nesses and great annoyances of this test. 

The oxygen consumed test, while showing the same general con- 
sistency as the other determinations, gives values much lower than 
either of the other two oxygen demand tests when applied to domestic 
sewage. Previous work in this laboratory * has shown that with some 
types of trade wastes the oxygen consumed values are higher than 
those obtained either in the dilution or the direct absorption oxygen 
demand determinations. Such results show the erratic nature of the 
oxygen consumed test as outlined by Standard Methods. 


Summary and Conclusions 


Investigations were carried out on methods for determining the 
oxygen demand of polluted waters. Methods used included: a moist 
combustion; the dilution biochemical oxygen demand; the oxygen con- 
sumed test; an oxygen demand obtained by direct absorption methods. 
Work on pure compounds indicated that an oxidizing mixture of 
chromic, phosphoric and sulphuric acids was an excellent reagent for 
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oxidation of organic material. This reagent was used in the moist 


combustions. 
Sewage samples were analyzed by all of the methods mentioned 


above. Results of the dilution and absorption tests agreed closely in 
most eases but results obtained in the oxygen consumed test were lower 
than those obtained in the other two oxygen demand determinations. 
Duplicate determinations by the moist combustion oxidation agreed 
very well considering the crudity of the apparatus. On the whole a 
loose consistency was noted between the results of all the tests. 

From the results of the investigations several definite conclusions 
seem logical: 

1. The oxygen consumed from permanganate test seems to give only 
partial oxidation when applied to domestic sewage. When applied to 
trade wastes results by this determination are erratic due possibly to 
the presence of chemical reducing agents. It may, therefore, be con- 
cluded that this test is valueless as an absolute measure of the oxygen 
demand of polluted waters. Its use seems definitely limited to differ- 
ential determinations, 7.c., determinations of the efficiency of a treat- 
ment process where the results are desired very quickly. The writers 
recommend that this test be excluded from Standard Methods or in- 
cluded only with the reservations suggested above. 

2. The dilution B.O.D. is distinetly an empirical determination. It 
measures only the amount of oxygen taken up from a dilution water of 
a certain type in a certain definite length of time under a particular set 
of conditions of incubation. The values obtained have meaning only as 
long as the conditions remain fixed. It is possible, however, to repro- 
duce these values in a direct absorption apparatus, the Nordell Odeeom- 
eter. Results obtained with this machine are just as empirical as those 
obtained in the dilution test, but the direct absorption procedure pre- 
sents three distinct advantages; the results can be obtained in eight to 
ten hours instead of five days, no dilution is required, and a larger 
sample is used so that sampling errors are minimized. If such limited 
values must be used to define the degree of pollution of water the 
Odeeometer presents a means of obtaining them which is easier to 
handle, more rapid, and less susceptible to the production of unex- 
plainably high or low results. 

3. Moist combustions of the type described in this paper and in 
those of previous investigators give promise of becoming useful in sew- 
age determinations. Values obtained are reproducible in duplicate and 
they show a certain loose consistency when compared with the results 
given by other oxygen demand tests. The absolute values obtained, 
though accurate from the standpoint of reproducibility, must be re- 
garded with some suspicion until further investigation proves, beyond 
reasonable doubt, that the results obtained represent all of the organic 
carbon and only the organic carbon. Such investigations are now being 
launched by the writers. 
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PROGRESS OF SEWAGE TREATMENT IN NEW YORK 
ee 


sy Ricuarp HH. Gouip 


Chief Engineer, Sewage Disposal and Intercepting Sewers, Department of Sanitation, 
New York City 


For the past several vears Commissioner Binger or some member 
of the Department of Sanitation has given some sort of a discussion of 
the New York City sewage disposal problem before this Association at 
the annual meeting in New York. This being so, it is felt that most 
of vou are fairly well acquainted with our problem and what we are 
trying to do about it. For that reason I shall touch on the general 
features but briefly in order to show vou more of what has been done in 
the past vear. ‘ 

As you may reeall, there are a number of plants being operated in 
the city. The most important of these is the Coney Island works with 
a present design capacity of 35 m.g.d. and providing for sedimentation, 
sludee digestion and seasonal chemical treatment and chlorination. 
There are thirteen older plants, most of which will ultimately be aban- 
doned or altered substantially. Of these, eight are of the fine sereen- 
ing type, three of which are provided with chlorination facilities. 
There is one small septic tank, one inadequate sedimentation plant and 
three with coarse screening only. The total average flow being treated 
in these plants amounts to about 120 m.e¢.d., which is about 12 per cent 
of the total sewage being discharged to the harbor from the city. Be- 
cause of the limited degree of treatment given, only about 3 per cent of 
the total sewage solids of the city are captured. The Coney Island 
plant during the summer months alone accounts for about 40 per cent 
of the total removal. 

The tentative program along which we are working calls for the 
construction of some 38 separate treatment works. Of these the Coney 
Island plant has been built. The Wards Island works are under con- 
struction and the first contract has been let on the Tallman’s Island 
Works. 

In addition to the Tallman’s Island works, design authorizations 
have been granted for intercepting sewers in College Point leading to 
the Tallman’s Island plant, the Ditmers Boulevard intercepting sewer 
to divert sewage from the west shore of Flushing Bay to the North 
Beach Sereening Plant and the reconstruction and enlargement of the 
North Beach Sereening Plant. 


_ _* Presented Before the Ninth Annual Meeting of the New York State Sewage Works Asso- 
ciation, New York City, January 22, 1957. 
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The above work, including that on Tallman’s Island, is being ad- 
vanced at this time in order to remove sewage discharges from Flush- 
ing Bay. This is particularly important now as the site of the World’s 
Fair to open in 1939 is located at the head of Flushing Bay. Present 
conditions of pollution here would prove intolerable at that time. The 
work is all a part of the ultimate scheme, with the exception of the re- 
construction of the North Beach Screening Plant, which is for tempor- 
ary use pending the extension of the Wards Island plant to serve this 
section of Queens. 

We are also engaged in the design of a 65 m.g.d. activated sludge 
plant at the site of the present Jamaica Screening Plant located on 
Jamaica Bay. 

Something over $30,000,000 has been spent or is available for plans 
and for work now under contract in our program for new works. It is 
estimated that in addition thereto about $100,000,000 will be required 
to furnish treatment to all of the present flows and, ultimately, in order 
to provide for the extension of works to serve expected growth in 
population, perhaps another $70,000,000 will be needed. This is based 
on an ultimate sewage disposal program of about $200,000,000. 

In terms of the program required for the present flows it would 
appear that New York City has already appropriated or spent funds 
for plans and construction up to the extent of about one-fourth of the 
total required and upon the construction of works under design will 
have raised the amount to about one-third of the total required. 

The Wards Island construction was started in 1931, but held up 
because of financial conditions by 1933 after completing contracts 
amounting to about $4,500,000. No further important construction 
work was done until early in 1935 when largely because of P.W.A. 
grants the Coney Island work was started and in the fall construction 
was resumed on the Wards Island project. 

Both projects were started under considerable pressure. At Coney 
Island, the settling tanks, pumping facilities and outlet piping were 
built and placed in operation in 104 days after the contractor was or- 
dered ahead so that they were in use during the 1935 bathing season. 
The works are only now being completed, having been retarded by un- 
fortunate conditions in connection with the electrical work. However, 
sewage has been treated continuously since July 1, 1935 and has re- 
sulted in a tremendous improvement in conditions along Coney Island 
and Shellbank Creeks, about which Mr. Donaldson will tell you in 
greater detail. 

There is one unique development that may be of passing interest. 
The new plant at Coney Island replaced three old installations dating 
back to the late 80’s and early 90’s. We have compared the cost of 
operation of the old system during the first year that they were taken 
over by us in 1932 with the cost of the new system in 1936. This com- 
parison indicates a probable annual saving under the new system in the 
neighborhood of $50,000 or about one-third of the total involved. 
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Because of certain understandings between the city administration 
and Washington, contracts for the Wards Island work were drawn up 
calling for continuous work during 24 hours of the day, with certain 
exceptions. This resulted in considerable pressure on our organiza 
tion and a greatly accelerated program. 

At the present time there are some 34 contracts in various stages of 
completion. Of the $21,000,000 contract allowance about 45 per cent 
has been completed. The Manhattan intercepting sewers are about 
80 per cent complete ; those in the Bronx to Jerome Avenue, 92 per cent 
complete; the Bronx tunnel was holed through on December 6 and is 
now being lined; the Manhattan tunnel has reached the fault zone under 
the Harlem River from both headings. Supplementary borings from 
the tunnel headings indicate that conditions here are much worse than 
were anticipated from earlier surface borings, and it is probable that 
the tunnel will have to be lowered from its present depth of 300 feet 
to a depth of over 500 feet for the 700 feet remaining in this bore. 

The grit chamber substructures in Manhattan and the Bronx are 
essentially complete and steel is up for the superstructures. On 
Wards Island the substructures of the pump and blower house, ad 
ministration building and heating buildings are well advanced. Laree 


air and sewage piping is being installed and the superstructures of 


the sludge pumping stations and operating galleries have been started. 
The main pumping and blower units are being fabricated and contract 
work has started on three 1500 ton sludge vessels. 

It is expected that the works will be ready for operation by the 
latter part of 1987. 
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PRELIMINARY OPERATIONS OF THE CONEY ISLAND 
SEWAGE TREATMENT PLANT * 


By Weuumncton DonaLpson 


Sanitary Engineer, Department of Sanitation, New York City 


Interest attaches to the Coney Island plant mainly for two reasons. 
It is the largest of the modern treatment works now operating in this 
country which was designed to use seasonal chemical treatment. Also, 
this plant exemplifies a rather interesting recrudescence of chemical 
treatment in the New York area, for chemical plants for treating sew- 
age with lime, ferric chloride and chlorine were installed in the City of 
Brooklyn in 1886 and at this particular site (Caisson No. 4), in 1892. 
It is not the purpose ‘here to trace the causes for disuse and abandon- 
ment of the early chemical plants nor to discuss the reasons underlying 
the selection of chemical treatment at this new plant. These reasons 
have been stated elsewhere at some length. Likewise, a description of 
the new plant is deemed unnecessary here. 

With the knowledge generally that the Coney Island plant has been 
in service for some time, there has been a desire to know just what re- 
sults have been obtained by treatment. An effort will be made in this 
paper to supply such information. 


1935 OPERATION 


Sewage was turned into the plant July 1, 1935, and pre-chlorination 
treatment was given during the months of July, August, September and 
October using liquid chlorine to the capacity of the machines available 
(some 900 Ib./day), with calcium hypochlorite supplementing. Suffi- 
cient chlorine was used to maintain a tested residual of 0.1 to 0.5 p.p.m. 
in the tank effluent. The only completed part of the plant at that time 
being the pumps and clarifiers, chemical feeding was necessarily on an 
emergency basis and operating data are excusably incomplete. No fig- 
ures are available for July, but the remaining months are comprised in 
Table I. The laboratory results by Mr. Carpenter covering the last six 
months of the vear are shown in Table II. 

The noteworthy point about Table II is that in spite of a settling 
period of some three hours the removals without the aid of precipitants 
averaged, for turbidity 13.6 per cent, for suspended solids 37 per cent, 
for settleable solids 65 per cent, for BOD 21 per cent. Staleness and 
comminution of the sewage partially explain these low results. 


1956 OPERATION 


Plain sedimentation was used during the first five months of 1936, 
as in the two preceeding months of 1935. By the middle of June, it was 
* Presented at the Ninth Annual Meeting of the New York State Sewage Works Associa- 


tion, New York City, January 22, 1937. 
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TasBie I.—Principal Operating Data—1935 
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1937 




















Chlorine Fed 



































Est. Sewage Screenings Sludge to Seow rH 
Flow Wet Lbs. Cu. Ft. go Lbs.* 
Month of 
| | Scow 
sci aia ‘Day M. G. —— Day — 1.G. Month | Day |M.G. 
August... .... 513 | 16.5 | 18,900 | 610 | 37 | 87 ,000 2810| 170 170| 8 |22,149]714] 43 
September... .. 582 | 19. 4| 15,150 | 505 | 26 | 47, 500! 1,580 | 82 4 23,535 | 785 | 40 
October. ....... 529 17.1) 10,400 | 336 | 19.6} 51, 500 1,660 | 97 5 20,436 | 658 | 38 
November..... 542 | 18.1} 9,600 320 | 17.6 |: 54,800) 1,830 | 101 5 
December......| 523 | 16. y 9,7: ‘ile 315 | 1.86 | 45,000) 1,450] 86 | 4 
om ae ohare ol ee 
Total...... 2,689 | | 63,800 | | | 57. 160, | 26 =| 66,120 
Average ...| 538 | 17.6] 12,760 | 417 | 23,8 |285,800| 1,866 | 107 | 5.2 | 22,040] 719} 40 
* Liquid chlorine—exclusive of hypochlorite. 
TaBLeE II.—Laboratory Data—1935 (Parts per cihacionnd 
| Gump Bolids | SP | gottieatt | | 
Susp. Solids ‘ | settles | 
Turbidity | "USP: POS | Solids | “Ga | 5 Day B.O.D. [Sludge 
Total awe Solids | : | p, 
Volatile | er 
Month Se ihe La | Cent 
| | | | | | | Dry 
Inf. | Eff.| % | Inf. | Eff.| % | Inf. | Eff. | Inf. | Eff.| % | Inf. Eff. | % | Solids 
ee | of va ee a ; | |_ =e ae __f 
| | | | | | | 
July. .....} 140 | 139 | 0.7 7| 166 | 111 | 33 161 | 72 | 80 | 37 | 54 | 132 120 9 | 6.5 
August... .| 154 | 111 | 28 |158 83 | 46 bef | 82 | 85] 22/74 [118 | 75 | 37 | 107 
September | 130 | 114} 12 |126,| 94/25 |81 |89 |51 /25 /51 | 94 | 81 | 14 | 108 
October. . .| 132 119 | 11 1118} 76} 36 | 78 | 90 | 54 | 17 | 69 96 77 20 | 11.4 
November | 142 | 117/18 | 141 | 77] 45 | 73 87 | 71 |15 | 79 | 112 83 26 5.4 
December .| 142 | 123 | 13 | 144 | 94/35 | 77 | 89 | 74 =| 29 . 61 | 141 111 21 | 11.3 
i, Le eee ee = = a Se, (meee, (SMe nee (eee 
Average. . | 140 | 121 | | 13.6 142 | 89 | 36.7 72.8! 84.8] 69.2| 24.2| 65.0) 11! 5.6/ 912 2| 21 | 9.4 


apparent that delays in finishing the 
































eontract would prevent the use of 


the new chemical feeding equipment in time for the bathing season, and 
the decision was reached to resort again to temporary measures in 


order to secure the desired purification results. 


Accordingly, a tempo- 


rary structure was erected over the wet well adjacent to the pumping 
station and equipped with a Wallace and Tiernan dry feeder with dis- 
Also the chlorinators in the 
new chemical building were pressed into service using gaseous chlorine 
instead of liquid chlorine from the chlorine storage building, as con- 
templated. 

Treatment of the sewage with ferric sulphate (‘‘Ferrisul,’’ supplied 
by Merrimac Chemical Co.) and chlorine ahead of the clarifiers was 
Chlorine was then 
discontinued, but the ferric sulphate feed was continued until October 


solving pots for ferric sulphate 


started June 20 and continued until October 7, 


23d. 


(Fig. 


1). 


1936. 


During one week only of August, hydrated lime was experi- 
mentally used to test out equipment, with the other two chemicals men- 
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Fic. 1.—Temporary building erected over screen chamber to house ‘‘ Ferrisul’’ 
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tioned. From September 1 until October 23, 1936, inclusive, hydrated 
lime was fed regularly. 

The schedule may be summed up by saying that during the period 
June 20 to October 23, inclusive, 2,540 million gallons of sewage were 
treated with 325 tons of ferric sulphate (Ferrisul), 300 tons of hydrated 


feeder. 


lime and 118 tons of chlorine in various combinations and dosages. 
The aggregate cost of these chemicals delivered to the plant storage was 
in round numbers $20,000. 


Labor and other charges for feeding chemi- 
The chemical data by 


cals to sewage are not included in this figure. 
months are shown in Table ITI, while the quantity and quality of mate- 
rials removed from sewage are given in Table IV. 


TaBLE III.—Chemicals Fed to Sewage—1936 





















































Aver: Chemicals Fed—Lbs | Ave. Chem. Dose—Lbs./M.G. 
age | 
Flow Hyd ; : Chlo- 
17} “Ferrisul’”’ cha Chlorine “Ferrisul”| Hyd. Lime 
MGD Lime F 7 er rine 
June 20-30 inel. | 19.5 41,920 — 19,300 202 — 100 
Sb sre ee (' 155,430 — 68,310 238 — 104 
August 20.7 169,200 43,970 69,710 264 Experimental 109 
September... .. 19.9 169,000 | 321,800 64,700 283 540 108 
Oct. 1-3 inel. ..} 19.7 116,170 | 233,880 14,230 257 516 79 
(8 days only) 
TOTAL.... 6651,720 | 599,650 236,250 
AVERAGE. .| 20.2 5,170 9,995 2,130 261 528 100 
(126 days) | (60 days) | (111 days) 
Nore: 3% of Ferrisul dose stated in Lbs./MG = Fe, as p.p.m. (Approx.) 
8% of Hydrated Lime dose stated in Lbs./MG = CaO, as p.p.m. (Approx.) 
12% of Chlorine dose stated in Lbs./MG = Ch, as p.p.m. (Approx.) 
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TaBLE 1V.—Materials Removed from Sewage—1936 





| | Raw Sludge 

| | Screenings es c = eee ag 

| Ave. | Wet Lbs. ] ] 
Month | Flow | Tot. Daily Per Dry Lbs. | Per | 
: 
| 





MGD ss shinobi Cu. Cu Cent — a= ae Cent Disposal 
. Ft Solids Volatile} 
Total Daily Total Daily | 
January 18.9 9,550} 308 $1,059 1,320 10.5 279,000 8,850 To sea 
February | 18.5 9,050} 312 28,287 977 12.6 231,000 | 8,000 ae 
March | 20.4 10,200| 330 46,917} 1,510 13.2. | 405,000} 13,050 ae et 
April 21.0 7,700| 256 40,680) 1,356 | 11.5 300,000 | 10,000 71.7 To sea and digesté 
May 18.8 11,300} 365 52,810} 1,700 12.1 403,000 | 13,000} 66.2 | ‘ ‘ * re 
June 1-19 18.5 6,500} 342 33,140] 1,740 12.4 261,000 | 13,700 | 62.7 To digesters 
June 20-30 19.5 3,100} 282 27,730} 2,520 | 12.8 | 219,000} 19,800 57.2 | ° * 
July } 21.1 9,100} 294 | 118,580] 3,825 | T22 883,000 | 28,470 64.0 
August |} 20.7 | 8,750) 282 }140,700| 4,540 | 9.6 | 785,700 | 25,300] 66.1 
September | 19.9 | 8,000) 267 | 109,970} 3,670 | 8.6 | 517,900] 17,260} 60.9 
October | 19.5 9,050; 292 }117,210| 3,780 9.8 653,300 | 21,100 | 55.2 
November 17.3 9,900} 330 34,140] 1,138 | © 11.1 241,600 | 8,050} 63.9 | 
December | 19.1 12,100; 375 41,900} 1,352 8.9 224,500 7,240 76:4: °° 
Tora | 114,300 $33,120 5,404,000 
Dairy Ave. | 19.5 314 2,280 11.2 14,800 64.5 





CHEMICAL HANDLING 


Under the emergency conditions existing during the summer and 
fall, there was much annoyance connected with the feeding and han- 
dling of chemicals. Ferrisul was delivered to the plant by truck in 200 
pound bags, stored in the bins of the chemical building, and taken from 
there by hand truck as required to serve the dry feed machine installed 
over the screen chamber. All Ferrisul was weighed as placed in the 
hopper of the dry feeder. With the make-shift dissolving pots some 
difficulty was experienced at times with solution although hot water 
was available. 





Fic. 2.—First shipment of chlorine, 45 tons, arriving at Coney Island dock. 


Chlorine was shipped by rail to Greenville Terminal, New Jersey, 
thence transferred by lighter in lots of 45, 30 and 15 tons to the Coney 
Island dock, from which it was placed in storage (Fig. 2). The chlorine 
evaporators in the chemical building not being functional at that time, 
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it was necessary to connect in the chlorine storage building a maximum 
of 12 one-ton cylinders to maintain adequate gas pressure to the chlo- 
rinators. 

Hydrated lime was delivered to the chemical building by truck in 50 





Fig. 3.—Temporary rig for hoisting lime. to third floor of chemical building. 


pound paper bags. Most of the lime was placed directly in the base- 
ment storage bin by the contractor. During most of the period when 
lime was fed to sewage, deliveries were made to the ground floor, then 





Fic. 4.—Lime being received on third floor in chemical building. 


hoisted by a motor vehicle hoist to the third floor of the chemical build- 
ing, thenee by hand labor to the daily supply hoppers (Fig. 3, Fig. 4). 
Electric power to the pneumatic chemical handling equipment was not 
available until the treatment season was practically over. 
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TREATMENT RESULTS 


Coney Island sewage in summer months is quite stale to the point of 
offensiveness. Approximately 13 per cent of the sewage reaching the 
station has been pumped twice already and 20 per cent has been pumped 
once, prior to being lifted by the Coney Island pumps to the sedimenta- 
tion tanks. The 84 in. collecting sewer serving the plant permits sedi- 
mentation during the dry weather periods and is undoubtedly a mate- 
rial factor in the staleness of sewage as received at the station. An- 
other complicating operating factor is the unusually wide variation in 
the contributing load by reason both of the shifting resident population 
to the beach areas during the warmer summer months, and the transient 
load on warm, fair week-ends at this very popular resort. 

The laboratory data by Mr. Carpenter for the entire year are given 
in Table V and in simplified form by Fig. 5. In general, they show that 


TaBLeE V.—Laboratory Results—1936 








Suspended | Settleable B.O.D., B. coli group, 























| 
| Solids, P.P.M.| Solids, P.P.M.| P.P.M. | per ¢.c. 
Month | | 

| Inf, | Er. % | Inf. | Eff.| % Inf, | Eff. % | Inf. | Eff. | % 

| | | 
January... . | 303 | 96/ 40 | 76| 27 | 64 | 145 | 100 | 31 | | 
February... 169/100} 41 | 75] 23 | 69 | 197] 132] 33 | | 
March...... 197} 97] 51 |109| 24 | 78 |151| 98] 35] Not | reported | 
April............{ 183] 93] 49 | 100] 22 | 78 | 147] 89] 39 | | 
May... 200) 95} 53 | 108} 28 | 74 | 162/102] 37 | 
June 1-9........| 186} 95| 49 | 104) 25 | 76 | 128} 91} 29 | 
June 20-30...... |176 | 69| 61 | 91} 14 | 85 | 134 | 70| 48 | 460,000 302} 99.9 
re ..1192] 76} 60 | 99| 23 | 77 | 125 | 54| 57 | 2,360,000 153 
ee 178 | 64] 51 | 99| 16 | 84 | 113} 52 | 54 | 890,000 171| 99.9 
September.......} 186} 55| 71 | 11 5 | 16 | 86 keg 49 | 55 | 2,400,000 483 | 99.9 
Oct. 1-7.........] 201] 74] 63 | 92] 20 | 80 ee | 59| 42 | 325,000 0 | 100 
Oct. 8-23. . ..| 189 73 | 61 | 113 | 23 | 80 | 127 | 2 51 | 5,400,000 | 540,000] 90 
Oct. 24-31.......| 137] 82] 40 | 52) 21 | 60 | 132] 101} 23 | 2,200,000 | 2,300,000 | 0 
November... ....| 141 | 85| 40 | 69} 29 | 58 | 141] 105 | 26 | 4,300,000 | 3,090,000 | 24 
December. .......} 122} 78] 36 | 59| 22 | 63 || 85 | 25 | 5,400, p00 | 3,510,000 | 35 

AVERAGE... 1174 82] 51 | 91| 22 | 74 1135 | "33 | 39 | | 





during the non-chemical months, January 1 to June 19 and from Oc- 
tober 24 to December 31, the removal of suspended solids averaged 
about 44 per cent, while during the period June 20 to October 23, when 
using chemicals, the removal averaged 61 per cent. The 5-day B.O.D. 
removals during the corresponding periods were 31 and 51 per cent 
respectively. During these same periods, the removals of settleable 
solids averaged 69 and 82 per cent respectively. 

Chlorine was applied to the raw sewage pump discharge line ahead 
of the sedimentation tanks, and following the Ferrisul application, 
which was at the wet well. An attempt was made to maintain a re- 
sidual by ortho-tolidin test of 0.2 to 0.4 p.p.m. as sampled from the 
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rapid mixing flume, some 3 minutes after the point of application. No 
attempt was made to carry a residual through the settling tanks. The 
bacterial results shown in Table V indicate that the dose of chlorine 
averaging about 100 pounds per MG as applied in this manner, al- 
though insufficient to satisfy the chlorine demand, yet was quite effec- 
tive for sterilization and at the same time provided, with the iron salt, 
complete nuisance control. 


TREATMENT AND RESULTS ~-1936 


CHEMICAL DOSE, LBSMG 
wu 
o 
o 





JAN. FEB MAR APR MAY JUN. JUL AUG. SEP ocT. NOV OEC. 


Fic. 5.—Per Cent Removals and Chemical Doses. 


Cost oF CHEMICAL TREATMENT 


During 1936 the contracts for chemicals were as follows: 


[1 evip oh 1 A Raat aces oe Pee sar 300 tons, at $30.30, delivered to plant. 
Myarated me 6.26.66... 500 tons, at $11.57, delivered to plant. 
ROPOEMING Te sivin. oye hc eels 120 tons, at $53.40, delivered to tail terminus. 


To the chlorine contract price must be added $9.00 per ton extra ex- 
pense for lighterage from rail head to the plant, making the actual de- 
livery price of chlorine at Coney Island $62.40 per ton, or 3.12 cents per 
pound. Additional Ferrisul was furnished under the construction con- 
tract. 

On the basis of the unit prices indicated, the costs per million gal- 
lons of sewage treated for chemicals alone were: 


Per MG 
June (11 days) Iron & DL I Rae EO en Eee $ 6.88 
duly (61 days) Tron & Chlorine ... . 2.2 eins c cece cessed cc's 6.83 
Aug. (31 days) Tron @ Chlorine: oo. 3 ssi kwes cesar seseects eri s 
Sept. (80 days) Tron, Lime’ & Chlorine 2.0.0... .6scces cesses ces 10.80 
Get. ( Grdays) Aron, shale; CIMOrine: « ..... 6s iiss 5s eet nie veins 9.55 


Met, CUS days) Tron Te oo as vasa ese icin oi aes since vieie's sia 7.03 
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DisposaL OF SLUDGE 


The disposal of raw sludge at sea in 1935 has been discussed briefly. 
Sea disposal was continued through the first five months of 1936 be 
cause the digesters were not ready for service. The quantities of ray 
sludge taken to sea, based on gaged volumes of the sludge scows and 
laboratory determinations of solids, are shown in Table VI. Since 
May 21, 1936, all raw sludge has been pumped to digesters. 


TaBLeE VI. Trips of Sludge Scows to Sea 1936 
I 4 ] 


Date Cu. Ft. Wet Tons Dry Tons 

January 10..... 12,945 118 13.9 
January 18.... 11,650 376 39.5 
ganuary 27..... 12,366 399 11.9 
February 5. 11,324 369 16.4 
February 19... 11,764 383 | 18.2 
February 28... 10,982 357 15.0 
March 16.... 17,568 575 75.8 
March 21... 13,010 126 56.2 
March 23... 3,167 104 13.7 
March _31.. 12,897 123 55.7 
April 10). 11,140 Bol 11.0 
April 20... 12,620 14 16.5 
Mav Bt 12,080 382 16.2 
May 4 11,990 379 15.8 

Tora 165,503 5,352 645.8 

AVERAGE 11,822 382 16.1 


As barging of sewage sludge to sea is practiced by relatively few 
seaport cities in this country, chiefly Providenee, R. 1., the Passaie Val 
ley Sewage Commission, N. J., and New Haven, Conn., some details of 
the Coney Island operation may be of interest. The Department has 
two wooden scows each equipped with six watertight bins or holds for 
transporting sludge. The general arrangement is indicated in Figure 
6 and dimensions of the two scows are shown below: 


Scow No, 1 Scow No 
Eo) ie nas eee 116 ft. 5 in. 114 ft. 7 in. 
LST eae ; oe ree 30 ft. 3 in, 28 ft. 8 in. 
Light Draft .. Do AE Sate ‘ 2 ft. 2 in, 2 Sts 2 an. 
iced Draft ....... ere 7 it. 0 mm, f 40,°0' an, 
Dead Weight, tons .... i ; 490 452 
Displacement, Light, tons .. : 198 195 
Displacement, Load, tons .... : 688 649 
Sludge Cap’y, cu. ft., 8 ft. depth .... 13,900 12,570 


On account of shoal areas in Jamaica Bay, the cargo limit is about 
12,000 eu. ft. 

The dumping arrangement consists of a 6-inch gate valve in each 
of the six sludge compartments. These valves are located inside the 
sludge bins next to the outer shells of the vessels. The bin floors have 
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a slope from the center line outward so that the valves drain the holds. 
When loaded, the discharge valves are below the waterline but as the 
cargo is discharged, the valves are above the waterline. Each seow is 
equipped with a 4-inch centrifugal gasoline-driven pump for use in 
flushing the holds with sea water after dumping. 

The scows are kept moored at the plant dock. They were filled by 
pumping at intervals through the day and night from the sludge pump- 
ing station to a stand pipe on the dock, from which the sludge was de- 
livered through a 4-inch flexible hose connection to any of the six holds 

2 ah . 
of the seow. The loaded scows were taken singly by a small tug to 


& Oump Control Valves 





PLAN Nore: 
6 Sludge compartments, each 
opprox. 4:0'«19-0° 
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SECTION 
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SLUDGE SCOW 
CONEY ISLAND SEWAGE TREATMENT WORKS 


"ia. 6.—Scow used in transporting sludge. 


Rockaway Inlet where a larger seagoing tug completed the round-trip 
to the authorized dumping grounds located 8 miles ESE of Scotland 
Light. 

The contract price for towing was $210 per round-trip and the dis- 
posal operations included in Table VI represent a total of $5500 or 
$1.05 per wet ton of sludge, or $8.55 per dry ton of sewage solids. 
This sum included allowances for ice breaking and repair of vessels 
due to ice conditions, but does not include charges for Department 
personnel attached to the scows. 

Due to the severity of the 1935-36 winter Shellbank Creek, on which 
the Coney Island plant is situated, became icebound and no sludge 
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vessels could be taken out for a period of several weeks. The digesters 
not yet being ready for service, it became necessary to cut one of the 
clarifiers out of service and use it as a storage tank for raw sludge 
pumped daily from the remaining three sedimentation units. Later 
this accumulation was barged to sea. 


DisposaL OF GREASE AND Scum 


Discharge of grease with sludge to sea not being permissible on ac- 
count of objectionable effects on the waters, all material skimmed from 
the clarifiers since the plant was put in service, including 1936, has been 
pumped to sandy pits or beds adjacent to the clarifiers and there de- 
watered. In December, 1936, a start was made in removing the de- 
watered grease to one of the city incinerators for final disposal. Subse- 
quent to January 1, 1937, grease has been partially dewatered by 
decantation in the receiving grease manholes and the more concentrated 
skimming are now being pumped with the sludge to the digesters. 


DisposaL OF SCREENINGS 


Material removed manually from the 1-inch opening bar screen has 
been hoisted in cans to the street level and sent to a city refuse in- 
cinerator. The new equipment includes a screenings grinder, but it 
has not as yet been put in service. 


DicEster OPERATION 


The first digester was put in operation April 24, 1936, by filling 
with sewage effluent, warming up to about 70° F. and thereafter raw 
sludge was pumped in daily. Other digester units went into service 
between April 27 and August 25. Each of the 54-foot diameter di- 
gester units, at the filling levels used in practice, holds 56,000 eu. ft. of 
liquid. It will thus be seen that a total of 488,000 cu. ft. of digester 
‘apacity was available at the peak of the season. This should not be 
taken as a criterion of the digester capacity required under ordinary 
circumstances because the digesters went into service at the beginning 
of the summer load. As the summer load receded, two digester units 
have been withdrawn from service and others will be withdrawn for the 
purpose of determining the minimum capacity necessary to take care of 
the local conditions. The quantity and quality of digested sludge is 
given in Table VII. 

No difficulties have been encountered in digester management, either 
with plain sludge or chemical sludge. The first digesters were started 
with lime to maintain an alkaline balance, but subsequent units were 
simply seeded from the first units and no lime used. Since heat has 
become freely available, digesters have been kept at a temperature ap- 
proximating 83° F. Supernatant liquor from digesters has mainly 
been returned to the wet well of the sewage pumps, but it was found 
convenient to dewater a considerable portion on the sandy areas of the 
station grounds. 














TaBLE VII.—Digested Sludge Data—1935 
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ve Cu. Ft. Per Cent Total Per Cent Total 
Drawn Solids Dry Lbs. Volatile Volatile, Lb. 
AMPS. 6 occ. 27,100 9.6 161,500 48.7 78,700 
September......... 32,480 “2 145,400 512 74,500 
OGHODET 8s ii6 sos Sis men 12,670 9.2 75,000 45.2 33,900 
November. ........ 26,000 11:3 183,000 40.6 74,300 
December........ 39,550 10.5 252,600 43.7 110,500 
ToTAL 137,800 817,500 371,900 

















Disposau oF Digested SLUDGE 


During the period August 11 to the end of 1936, a total of 128,700 
cu. ft. (or about 370 dry tons) of good quality digested sludge was with- 
drawn from the digesters by pumping to small lagoons or temporary 
drying beds on the sandy grounds of the station, for the purpose of 
preventing sand drifting and to prepare these areas for planting grass 
next spring. A substantial part of the sludge pumped has become de- 
watered to a cake, and this eake has been broken up and mixed with the 
sand to make top soil. The remaining areas will be similarly treated 
as weather permits. 





Fic. 7.—Discharge of digested sludge on sand beds at Marine Park. 


An interesting phase of the disposal of digested sludge was the 
transfer in December of a scowload of digested sludge from Coney 
Island by water to Marine Parl and the discharge of this cargo amount- 
ing to 9,100 eu. ft. averaging 11.7 per cent dry solids and 43.3 per cent 
volatile (Fig. 7). This is the equivalent of 300 wet tons or 36 dry tons. 
This sludge will lie on the sand beds at Marine Park until next spring 
when use will be made of it in developing this extensive new municipal 
park. The cost of towing the scow to Marine Park was $100 or $2.80 
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per dry ton of sewage solids. Department personnel carried out the 
operations of pumping the sludge from the scow to beds prepared by 
the Park Department. 

The ultimate disposal of digested sludge as contemplated will be 
dewatering by vacuum filter and utilization of the sludge cake as a soil 
conditioner, both on the station grounds and on city parks. To date 
the vacuum filter equipment has not been ready for service and io 
sludge has been dewatered in this manner. 


Gas Propuction anp UTILIZATION 


A satisfactory record of digester gas quantities is not available be- 
cause of the early lack of metering facilities. A temporary gas meter 
was used during initial stages of digestion but when the eapacity of this 
meter (50,000 cu. ft.) was topped, no reckoning was available exeept by 
special displacement tests of the individual gas holders. It is known 
that toward the end of July, the gas production approximated 300,000 

u. ft. daily. After the gas engines were put in service and the orifice 
gas meter supplying these engines became available, accurate figures 
for gas became possible, provided gas production does not greatly ex 
ceed metered uses, in which case there is an undetermined loss. Tlie 
principal use of the gas is for the engines, referred to below. The 
quality of digester gas is shown by analysis in Table VIII. No ealori 


meirie data have been taken. 


TaBLe VIII.—Gas Consumption and Engine Performance—1936 


Gas to Engines—Cu. Ft. Power—KWH Cu. Ft. Gas 
Month - Gas Per Cent 
Purchased Digester Purchased | Generated | per KWH CO; 
January 117,350 
February 104,630 
March... | 126,320 
April... . 126,400 
May.... 116,400 | 
June 113,600 31.1 
July... 135,600 33.8 
August 144,800 31.8 
September | No meter 111,200 | 10,500 No meter 31.1 
October. . 1,800 No meter 30,000 | 86,970 No meter 30.6 
November 356,000 No meter 300 90,670 | No meter Soul 
December. . . 0 2.522.120 0 109,760 23.0 33.6 
ROTA. 65555 1,126,600 297,900 


AVERAGE 


Power Propuctrion 
The first of the three Worthington 300 H.P. gas engines was put in 
service September 4th. As the units were tuned up and the electrical 
work was completed, a greater proportion of the power load of the 
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plant was taken over by the plant generating units. Sinee November 
Ist, the entire power load has been earried by the station generators 
and connection with the utility company is now discontinued. The 
electric energy so generated is used to pump all sewage at the station 
and to operate various motors of the plant. Table VIII shows the 
energy production since the engines were started with the nét gas sup- 
plied the engines, both from utility gas and digester gas. The utility 
vas has a B.T.U. value of 540 per cu. ft. while the computed B.T.U. 
value of digester gas is 650 per cu. ft. The engines are guaranteed to 
develop 1 BHP hr. from 9,500 B.T.U. supplied, at full load. During 
December there was generated an average of 3,541 KWH per day using 
an average of 81,378 cu. ft. of digester gas, or 23.0 cu. ft. of gas per 
KX WH generated. 


‘ + ro + 
CONCLUSION 


It would be unwise to draw too fine conclusions from the data and 
experiences presented above, for it is obvious that the 1986 operations 
were carried out under emergency conditions, with a partly finished 
plant, which imposed limitations on the maximum dose of precipitating 
chemicals, the most desirable sequence and combinations of chemicals 
and their accurate regulation in accordance with the sewage load. 
Neither were the floeculators available during most of the period. 
However, the main objectives of treatment have been fairly met, namely 
substantial clarification and disinfection of the effluent prior to dis- 
charge to tidal dilution, thus aifording protection to coastal bathing 
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DESIGN OF THE SEWAGE TREATMENT WORKS OF 
THE SANITARY DISTRICT OF CHICAGO * 


By L. C. Wuirremore anp Norvat E. AnpERSoN 


Engineer of Design and Engineer of Treatment Plant Design 


Construction of the Southwest Sewage Treatment Works—the last 
of the Sanitary District’s four major treatment projects—is well under 
way. With the completion of this plant and the various intercepting 
sewers now under construction sometime during 1938, over 97 per cent 
of the human sewage and substantially all of the industrial wastes 
originating within the boundaries of the Sanitary District will be given 
some form of treatment—complete by the activated sludge process at 
the North Side, Southwest and Calumet Works, and partial by settling 
in Imhoff tanks at the West Side Works. The general characteristics 
of the four major treatment works are indicated in the following table: 





Design | 














| Type of ys tig ea | Con- Opera- 
Treatment Works | Wesataiatent | Average, ines struction tion 
: | Mil. Gals. Nias Started | Started 
Daily | ‘ | 
North Side..... | Activated Sludge | 175 | 800,000 | 1923 1928 
West Side.... Imhoff Tanks 467 1,850,000 1926 1930 
Calumet (New)...... Activated Sludge | 136 455,000 1931 1935 
Southwest. . . | Activated Sludge | 400 1,300,000 1935 — 
Soc ee | ——_——___]|—--__-_ 
RE | 1,178 — | 4,405,000 | 











In addition to the human population, the Southwest Works will also 
provide treatment for the wastes from Packingtown, roughly equivalent 
in strength to the sewage from 1,000,000 persons. The West and South- 
west Works, while listed as separate projects, are located adjacent to 
each other on the same site and will be operated as component parts of 
one large plant. 

All of the Sanitary District plants are designed to treat maximum 
flows up to 150 per cent of average. To collect and convey this large 
volume of sewage to the various works for treatment has involved the 
construction of approximately 156 miles of intercepting sewers in vary- 
ing sizes up to 17 ft. 3 in. by 19 ft. 2 in. and built largely in tunnel. To 
dispose of the large quantity of waste solids accumulated in the process 
of treatment, sludge disposal facilities for a total estimated average 
load of approximately 550 tons of dry solids per day are provided. 
The West Side solids are digested in Imhoff tanks, air dried on sand 
beds and the dried residue disposed of by dumping on waste land along 

* Presented Before the Fifty-second Annual Meeting of the Lllinois Society of Engi- 
neers, Chicago, Ill., January 30, 1937. 
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the Main Channel. For the Calumet and Southwest Works, mechani- 
cal dewatering followed by heat drying and incineration has been 
adopted. The North Side waste sludge is pumped to the West-South- 
west site, where part is digested in the Imhoff tanks while the re- 
mainder will be handled with the Southwest sludge in the dewatering 
and incineration plant. 

In addition to the works listed above the Sanitary District, prior to 
the construction of the North Side Works, built, operated, and later 
abandoned in 1931, for reasons of operating economy, a 4.5 m.g.d. semi- 
experimental activated sludge plant for a group of suburban communi- 
ties along the Des Plaines River, since made tributary to the West- 
Southwest Works, and also an Imhoff plant with a number of added ex- 
perimental features, which has only recently been replaced by the new 
Calumet Works. Both of these plants served a useful purpose in pro- 
viding treatment over a period of years and perhaps a more useful 
function in serving as large scale testing stations and laboratories for 
the development of improved methods for the Sanitary District’s larger 
and later works. 

In this paper we shall attempt to trace briefly some of the develop- 
ments which have taken place in the design of successive plants, in a 
general way, rather than to attempt a detailed description of all the 
works of the Sanitary District. 


PRELIMINARY TREATMENT 

It was originally intended to precede the aeration process at the 
North Side Works by fine screening through mechanically cleaned 
units with openings %« inch in width. Comparative studies indicated, 
however, that much more treatment could be accomplished for the same 
or less cost with a brief period of preliminary sedimentation, and tanks 
for this purpose with a detention period of 30 minutes at average flow 
were accordingly substituted. While subsequent observation has indi- 
cated that very little economy in air use is accomplished by preliminary 
sedimentation under Chicago conditions, these tanks serve a very use- 
ful purpose in smoothing out the effects of peak solids loads during 
storms and retaining some of the heavier and coarser solids which 
otherwise tend to become stranded in the aeration system. Their use 
is justified for these reasons alone. Further, with the development of 
mechanical dewatering of sludge by vacuum filtration (to be discussed 
later) it appears that the addition of 15 to 20 per cent of fresh solids 
by weight to activated sludge adds materially to the rate and economy 
of filtration. Accordingly, preliminary sedimentation has also been 
provided both at the Calumet, and Southwest Works, with detention 
periods at average flow of 10 and 34 minutes, respectively. 

The North Side preliminary tanks are preceded by rack screens and 
erit chambers. With the adoption of mechanical dewatering and in- 
cineration for the Calumet and Southwest Works, it was felt that there 
was no particular need for separating the grit from the other sewage 
solids. Grit chambers have not yet been provided for either of these 
plants, the grit being removed in the preliminary tanks along with the 
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coarser organic solids. As rather elaborate provision is being made 
for skimming of the preliminary tanks at the Southwest Works on ac- 
count of the presence of the wastes from Packingtown, with high grease 
content, no fine rack screens are included, it being assumed that the ma- 
terial ordinarily removed by such sereens will either sink in the pre- 
liminary tanks as sludge or be retained as scum. Neither screens nor 
erit chambers accomplish much in the way of treatment, are relatively 
costly structures to build and operate, and are useful principally as 
protective devices to other parts of the plant. Furthermore, each pro- 
duces a separate increment of solids which must be handled in some 
manner. If these structures can be eliminated, and we believe that 
they can under the conditions of operation noted, a considerable sav- 
ing both in first and annual costs will result. However, to be on the 
safe side, the Calumet Works are so laid out that grit chambers may 
be easily added in the future, if found necessary. Similarly, the South- 
west Works are so arranged that either rack sereens, or grit chambers, 
or both, may be readily built if needed. Coarse rack screens are used 
ahead of the sewage pumps in all plants for protection of pumping 
equipment, 

At the West Side Works, preliminary tanks, with detention of 15 
ininutes at average flow, are also used, but for a different purpose 
namely, to provide for skimming and to concentrate the grit. The 
combined grit and coarser organic solids which are deposited are with- 
drawn as a concentrated underflow, and the grit separated from the 
organic solids in one or two grit chambers only of ordinary type. If 
the preliminary tanks for grit concentration had not been used, it would 
have been necessary to have a much larger number of grit chambers 
than the four actually provided and no facilities for skimming would 
have been available ahead of the Imhoff tanks. The effluent from the 
erit chambers is returned to the preliminary tank effluent and both 
passed along to the Imhoff tanks for settling. 





AERATION SYSTEM 
In order to illustrate some of the changes which have been made in 
the design of aeration tanks for the activated sludge process, the fol- 
lowing table, showing some of the design factors, is introduced: 


Design Bases ror AERATION TANKS OF Masor ACTIVATED SLUDGE PLANTS 


Calumet 


North Side . | Southwest 
(New) 

Design flow, average, mil. gals. per day... .. 175 | 136 100 
Number of aeration tanks. | 36 | 21 16 
Number of aeration channels. . . 71 21 64* 
Channel width, ft........ 16.12 33.16 32.79 
Channel length, ft... . 420 125.5 1736* 
Water depth, over plates, ft........ | 1D 15 15 
Rows diffuser plates per channel... . . | 2 | 2 2 
Diffuser plate ratio. : | 1 to 9.4 1 to 19.5 | 1 to 20.2 
Aeration period, average flow, hrs...........| 6.25 5.0 | 5.0 
Free air, cu. ft. per gal. of sewage. . . ial 0.8 | 0.5 | 0.5 





* Four passes per tank in series, forming one continuous channel. 
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Examination of this table shows that some factors have remained 
unchanged, while others have undergone marked changes. 

Preliminary plans for the North Side tanks contemplated the ridge 
| and furrow system of aeration, following the design of the Des Plaines 
| tanks, but experiments in one of our smaller testing stations quickly 
demonstrated the superiority of the spiral flow system with diffuser 
plates arranged along one side of the tanks. The design for the North 
Side Works was changed to spiral flow before construction started and 
this system has been used in all the Sanitary District’s later works. 
Its retention calls for little comment, as it has been adopted almost 
universally in air-diffusion plants built in recent years. 

It will be noted that the water depth has remained unchanged, but 
that important changes have been made in the width and length of the 
aeration channels. In the Des Plaines River plant, channels both 10 
and 15 feet in depth were used. Early operation showed little differ- 
ence in efficiency between the two depths, but comparative studies indi- 
cated an appreciable difference in cost, particularly for plants of large 
size, in favor of the 15-foot depth. Some theoretical studies which we 
have made have indicated that a still greater tank depth might possibly 
be used to advantage. As comparative experiments with tanks of 
ereater depths on a scale of sufficient magnitude to be conclusive would 
be expensive in both money and time, and as the possible indicated sav- 
ings are not large, the Sanitary District has adhered to the 15-foot 
| depth. 
| In the North Side Works, the aeration channels are arranged in 
| pairs with a non-pressure wall between, forming 36 tank units sepa- 
rated by pressure bearing walls. In one of the 36 tanks, however, the 
dividing wall was left out, forming a channel 33.5 feet wide. This 
channel was equipped with four rows of diffuser plates, thus main- 
taining approximately the same plate ratio as in the other channels. 
It was found that a channel of this width could be operated to produce 
an effluent of the same quality and with the same volume of air per gal- 
lon of sewage as one of half the width. In the design of the Calumet 
Works, the width of the aeration channels was accordingly doubled. 
The economy in use of conerete and reinforcing steel with increased 
width of channels is obvious. For further economy, alternate channel 
| walls at the Calumet Works were made non-pressure bearing. The 
| idea has been extended at the Southwest Works, where each tank unit 
| consists of four passes in series, three out of four walls being non- 
| pressure bearing. In addition to economy in use of concrete and re- 
| inforecement with this type of construction, further important savings 
accrue in cost of controlling equipment with decrease in number of tank 
units. It is possible that still wider channels may be safely used, and 
experiments along this line are now under way at the Calumet Works 
where a dividing wall was omitted between two adjacent units, making 
one channel 67.5 feet wide. 

It will be observed that the diffuser plate ratio has been greatly re- 
duced in the later designs. It has already been noted that the double 
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width channel at the North Side was equipped with four rows of plates. 
It was found after careful experiment that two rows were adequate for 
a tank of this width, and accordingly the plate ratio for both the 
Calumet and Southwest Works has been made but half that at the 
North Side. Actually one row of plates has operated successfully in 
the double width channel at the North Side and some of the Calumet 
tanks have been equipped with but one row of plates although contain- 
ers for two rows were installed. While it may be entirely feasible to 
operate with but one row of diffusers, in channels 33 feet wide, con 
siderations of relative air pressure losses and a reasonable factor of 
safety have led us to provide two rows of plates per channel. 

When the North Side aeration tanks were being designed it was 
thought that a shorter detention period than the 614 hours provided 
might be feasible, and the plant hydraulics were so arranged that aver 
age and maximum flows could be increased by as much as 40 per cent. 
Because of the unusually rapid population growth on the North Side 
area during the 1920-30 decade (1930 population 977,000), this plant 
started with an average sewage flow of about 200 m.g.d., which was 
considerably in excess of its design capacity. It successfully carried 
the load, however, with an average detention period of about 5 hours. 
When the Calumet plant was designed, the aeration detention period at 
average flow was accordingly cut down to 5 hours and the same period 
was used for the Southwest Works. 

Experiments at the North Side Works during the last two years 
have indicated that the aeration period may be still further reduced, 
one of the three batteries having been operated continuously on a de- 
tention period of from 3 to 31% hours, with no appreciable sacrifice in 
air economy or quality of effluent. It is expected that advantage will 
be taken of this possibility at the new Southwest Works by operating 
the aeration plant continuously at a rate materially higher than its 
average design rate and taking excess storm flows through the West 
Side Imhoff tanks for settling only. In this way the maximun of treat- 
ment will be obtained with the facilities available and the West and 
Southwest Works are so interconnected that this flexibility of opera- 
tion is possible. 

When design of the North Side Works was started, an allowance of 
1.25 cu. ft. of free air per gallon of sewage was made. With the adop- 
tion of spiral-flow aeration this allowance was cut to 1.0 cu. ft. as ex- 
periments had indicated some air economy over ridge-and-furrow aera- 
tion. With the substitution of preliminary settling for fine screening, 
with consequent removal of the coarser organic solids, the estimate was 
further cut to 0.8 cu. ft. per gallon. Actual operation on a careful basis 
of control has shown that it is possible to secure consistently good re- 
sults with about 0.4 cu. ft. per gallon. 

Less change has been made in the design of final settling tanks than 
in the aeration tanks. Larger tank units have been used in the later 
designs and better arrangements for uniform distribution of flow to 
the various tanks have been provided. At all plants mechanical equip- 
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ment for the removal of sludge has been employed. There have been 
many improvements made in such equipment in recent vears over what 
was available when the North Side Works were built. The North Side 
final tanks have been operated continuously at rates somewhat in excess 
of the design rate of 1,200 gallons of mixed liquor per square foot per 
day with consistently good results. 

One of the most novel features in the design of the aeration system 
for the Southwest Works is the use of air lifts in place of pumps for 
returning sludge. While air lifts have been employed before for this 
purpose in plants of small size, including the Sanitary District’s Des 
Plaines River Works, their use on a scale approaching that of the 
Southwest Works, with a total sludge return capacity of 160 million 
gallons daily, has never been attempted before, so far as we know. The 
underlying factors leading to their adoption were the cost and difficulty 
of getting the very large sludge return conduits in and out of a common 
pumping station and the practical impossibility of getting efficient 
pumping units to handle the widely varying flows at the low heads re- 
quired. No data were available on air lifts with the requisite charac- 
teristics, of large capacity at low heads. Accordingly, an exhaustive 
series of tests was made on lifts up to 18 inches in diameter, and at 
heads up to 5 feet, in order to determine the design constants. As 
finally laid out, two 16-inch lifts are provided for each final settling 
tank—one for ordinary sludge flows and the second as a supplement for 
high flows. It is eventually expected to make the withdrawal of sludge 
from individual tank units largely automatic and to maintain a fixed 
and predetermined sludge blanket level in each unit, by means of photo- 
electric cell controls in the air valves controlling the supply to the lifts. 
Enough experimental work has already been done along these lines to 
indicate that the idea is feasible. 

Another unusual feature in the design of the Southwest Works is 
the special provision made for aeration of the final effluent. It has been 
observed in the Sanitary District’s various plants, and particularly at 
the North Side Works, that wherever there is a drop or fall in an ef- 
fluent conduit, causing agitation, there is a substantial increase in dis- 
solved oxygen. Three such falls occur in the effluent conduits and 
channels at the North Side Works and, as a result, the final effluent, as 
discharged into the North Shore Channel, carries a dissolved oxygen 
saturation value of 80 to 85 per cent the year round. This dissolved 
oxygen is, of course, valuable to satisfy some of the residual B.O.D. of 
the final effluent. Small scale experiments indicated that, within limits, 
the oxygen absorption is roughly proportional to the height of fall. 
At the Southwest Works, some surplus fall is available between the 
final settling tanks and the Main Channel. To use this surplus head 
most effectively in promoting the absorption of dissolved oxygen, an 
aeration chamber has been built for that portion of the plant effluent 
not used for condenser water. This aeration chamber, in brief, con- 
sists of a long overfall weir chamber which concentrates the available 
drop at one point. 
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StupGE HanpLiInG AND DIsPosaL 


During the preliminary stage of planning for the North Side Works, 
only two methods of disposing of waste activated sludge appeared 
feasible, namely,—(1) filtering and drying as a fertilizer base, and (2) 
pumping to land areas along the Main Channel through a force main 
approximately 18 miles long, and lagooning. The former method had 
been tried on a small seale at the Des Plaines River plant and at the 
experimental activated sludge units of the old Calumet Works, but 
comparative studies indicated that it would be unduly costly for the 
North Side Works. Lagooning was decided on as a temporary ex- 
pedient, pending the development of a more satisfactory method. 

Before it became time to provide for disposal of the waste sludge 
from the North Side Works, a series of experiments on the digestion 
of activated sludge mixed with fresh solids in the old Calumet Imhoff 
tanks had proved so successful that the earlier idea of lagooning was 
abandoned. Instead, it was decided to provide for digestion of the 
North Side solids at the West Side Works, with the fresh solids settled 
out in the Imhoff tanks. 

This decision made necessary one of what are perhaps the two un- 
usual features of the West Side Works, aside from their great size, 
namely the unusually large amount of digestion space allowed in the 
Imhoff tanks. This plant consists of 108 Imhoff tanks, each 80 feet 
square, divided into three batteries of 36 units each. The Calumet ex- 
periments had indicated that a wetter sludge would be produced in 
digesting a mixture of fresh and activated solids than with fresh solids 
alone. On account of this fact and to make due allowance for the 
greater removal of suspended solids in the activated sludge process 
than by plain settling, the first two batteries were designed with a 
sludge digestion volume of 2 cu. ft. per capita for the fresh solids settled 
out from the West Side sewage and 5 cu. ft. per capita for the waste 
activated solids from the North Side Works. After the first two bat- 
teries were placed in operation, it was found that this allowance was 
inadequate, the moisture content of the combined sludge in the digestion 
compartments being appreciably higher than that produced at the 
Calumet Works under similar conditions. The third battery was ac- 
cordingly designed with larger sludge digestion volume than the pre- 
ceding two, the total for the three batteries being some 10,530,000 cu. 
ft. Even with the addition made to the digestion capacity of the third 
battery, it was realized that a still further increase would be required 
when the plant was brought up to its full working capacity. 

The other unusual feature of the West Side Works is the mechanical 
cleaning of the sludge drying beds, made almost necessary by reason 
of the very large volume of material to be handled. Two automatic 
cleaning machines, each capable of removing approximately 41% cu. 
yds. of dried sludge per minute from beds 80 feet wide and 800 to 1400 
ft. long, are in use. One of these machines was developed by the Dis- 
trict’s engineers while outside consulting service was employed for the 
design of the other. 
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To ascertain whether separate digestion of sludge, controlled in 
heated tanks, would give any better results than Imhoff tank digestion, 
experiments using mixed fresh and activated solids were carried on for 
a year in 1931-1932 at the West Side in two heated units of combined 
capacity of 700,000 gallons. No substantial improvement in moisture 
content over that obtained in the Imhoff tanks was found. In view 
of the large amount of digestion capacity which was found necessary 
for mixtures of fresh and activated solids, development was started on 
the idea of sludge disposal by means of mechanical dewatering, heat 
drying, and subsequent incineration. 

In the summer of 1932, an experimental unit with capacity of 20 
tons of dry solids per day was placed in operation at the West Side, 
including a vacuum filter followed by a combined drying and incinerat- 
ing unit. The filter, operating on sludge conditioned with a coagulant, 
produced a cake of 75 to 80 per cent moisture. The dryer was of the 
direct-indirect type, with a rotating steel drum 8 feet in diameter and 
70 feet long with an inner heating tube. The sludge was mixed with 
returned dried sludge, producing a mixture of about 50 per cent 
moisture. This mixture was dried to a moisture content of about 10 
per cent. The dried sludge was then fed to the furnace with the small 
amount of coal which was necessary to support combustion. An inert 
mineral ash resulted. While it was found possible to dry and incin- 
erate the sludge, considerable difficulty was experienced in controlling 
the drying cycle to produce an end product of reasonably uniform mois- 
ture content. Some little trouble with release of odors was also en- 
countered. In the meantime additional experiments were started on 
‘‘flash’’? drying in a hammer mill and the preliminary tests indicated 
that control with this method of drying would be more certain. 

The experimental plant was accordingly modified by providing a 
two-stage ‘‘flash drying’’ unit in place of the rotary dryer. In this 
unit the mixed solids were dried in about 1.5 minutes instead of the 90 
minutes required in the rotary dryer. Furthermore, by heating all 
gases up to 1400 deg. Fahr. or more, all odors were burned out. The 
heat was recovered by means of heat-transfer apparatus. Super- 
heated vapor was found to be a more effective drying medium than air. 

When construction of the new activated sludge plant for the Calu- 
met Works was started in 1931, the decision on the method of sludge 
disposal was postponed until the various experiments and economic 
studies were completed. Three methods appeared feasible, namely: 
(1) Digestion in Imhoff tanks and outdoor drying on sand beds. 

(2) Separate digestion in heated tanks and outdoor drying on sand 
beds. 
(3) Mechanical dewatering followed by heat drying and incineration. 

Critical studies of the three methods, including some variations on 
each, clearly indicated that the third method was the most economical 
both in first and operating costs, despite the fact that new construction 
throughout was figured on for the third method while for the first two, 
use of the existing Imhoff tanks was contemplated as far as available 
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but no charge for these tanks was included in the estimates. Aside 
from the economy of the process, the end product is an inert ash of 
much less bulk than the dried sludge from the sand beds. . 

Mechanical dewatering, with heat drying and incineration, was ac- 
cordingly adopted for the new Calumet Works, with an initial installa- 
tion to handle 40 tons of dry solids per day. This plant has now been 
in operation for several months. While certain mechanical difficulties 
developed which are being readily corrected, the basic principles in- 
volved have worked out entirely as expected. The process has ac- 
cordingly been adopted for the Southwest Works also and the latter 
plant will have a maximum capacity of 487 tons of dry solids per day, 
sufficient not only for the waste sludge from the Southwest area but 
also for most of that from the North Side Works. For the time being 
at least, digested sludge from the West Side Works will continue to be 
dried on sand beds. 

The process, as finally developed, is as follows: 

The first step in the process consists of tank concentration followed 
by mechanical dewatering of the sludge on vacuum filters, reducing the 
moisture from 97-98 per cent down to 75 to 80 per cent. Prior to 
filtration, the sludge is conditioned by the addition of ferrie chloride 
to the extent of approximately 5 per cent by dry weight of sewage 
solids. The cake is then mixed with predried sludge, making a mixture 
of about 50 per cent moisture, and then dried by the flash method, in a 
totally enclosed system, by contact with continuously recireulated 
vapor, from the sludge, superheated to a temperature of approximately 
1000 deg. Fahr. Excess vapor from the drying system and other gases 
are passed through the furnaces and subjected to a temperature of at 
least 1400 deg. Fahr., to destroy all odors before release to the atmos- 
phere. Heat carried in the products of combustion and the deodorized 
vapors are passed through a high temperature heat exchanger for trans- 
fer to the vapor circulating in the drying system. Heat balance studies 
indicate that sludge containing 7,500 B.T.U. per lb. dry will furnish sut- 
ficient heat to evaporate moisture from the filter cake entering the 
drying system at 80 per cent moisture. The dried sludge, usually be- 
low 10 per cent moisture, is blown into the furnace and burned in the 
presence of preheated air. Powdered coal is also blown in through a 
separate nozzle as necessary. At Calumet, which is a comparatively 
small installation, oil burners are being installed to obtain greater 
flexibility. All products of combustion are passed through a Cottrell 
dust precipitator before release to atmosphere. It is estimated that 
about 80 per cent of the total ash will be recovered in the dust precipita- 
tors in the form of fly ash, and the remainder in the furnace bottoms in 
granular form free from clinker. All ash will be disposed of by dump- 
ing. The drying system is so arranged that dried sludge may be re- 
moved from the system instead of being fed to the furnaces, if it proves 
desirable to sell this material as a fertilizer. 

The adoption of dewatering and incineration of waste sludge for 
the Southwest Works has led to another interesting development at 
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that plant, namely, the use of steam turbine driven main units instead 
of the electric drives used at the other plants. The steam turbine 
driven units include the main sewage pumps, blowers for supplying 
compressed air for aeration, and generators for supplying electrical 
energy to electrically driven auxiliaries. The use of steam is made 
economical by reason of the fact that steam generation can be combined 
with sludge incineration at a relatively small additional cost over the 
cost of incineration alone, and plant effluent can be used for condensing 
water without additional pumping, owing to the available head between 
the final settling tanks and the Main Channel. Little or no additional 
labor will be required over the requirements for all electric operation, 
and the annual cost for power will consist largely of the cost of coal 
for producing steam and the fixed charges on the additional boiler 
equipment. 
GENERAL Design 


In the general design and layout of the Sanitary District’s plants, 
there has been a transition toward simplicity and compactness. This 
has been made possible by a seasoned knowledge of the proportions of 
the various elements of the plants and by a better understanding of the 
requirements for efficient operation. The differences are best illus- 
trated by a comparison of the North Side and the Southwest plants. 

At the time of designing the North Side plant, there was consider- 
able doubt as to the amount of preliminary treatment desirable, the 
optimum aeration period, and the necessary area for final settling. 
To provide for major changes that experience might dictate, the various 
parts of the plant were rather widely separated in order that additions 
could be made in almost any direction. Three separate buildings were 
provided to house the sewage pumps and air blowers, the sludge return 
pumps, offices and laboratories, and the service facilities, respectively. 
Likewise, very elaborate controlling and metering equipment was pro- 
vided. 

In contrast, the Southwest plant is very compact for its size. The 
aeration and final settling tanks of the present installation are in one 
block, with all conduits, pipe lines, and service tunnel connecting at 
one side, while provision for extension is made at the opposite side. 
Sewage pumps, air blowers, steam generating units, sludge filtering 
and incineration, offices, laboratories, shops, storerooms and garage 
are all housed in one building, with no sacrifice in operating efficiency 
and with considerable economy in first cost. This compact layout has 
made practical the connecting of all parts of the plant with service tun- 
nels. These contain the air, sludge, water and service piping and elec- 
trical duets and also provide underground walkways for use in incle- 
ment weather. Control equipment has been reduced to a practical 
minimum. Indicating meters are used for equalizing flow to the indi- 
vidual tanks while recording and integrating instruments are provided 
only for the battery controls or other major units. Another feature of 
the compact layout is a great flexibility of interconnections in conduits, 
making it possible to by-pass any part of the plant. 
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CoNncLUSION 


In tracing some of the main developments which have taken place 
in the design of the Sanitary District’s treatment works in their suc- 
cessive stages, in this rather general and informal way, we have at- 
tempted to emphasize the important part that continued study, in- 
vestigation, and experiment, often on a plant-size scale, have played in 
the improvements and economies which have been made in the later 
works. Only a very few of the many investigations and experiments 
which have been carried out in the last 15 years have been mentioned. 
They have covered a wide range of subjects, not only in the fields of 
sewage treatment and sludge disposal proper, but in allied lines such 
as investigations of hydraulic phenomena and corrosion effects of sew- 
age liquids and gases on materials of construction and preservative 
coatings. 

In conclusion, it is pertinent, although perhaps unnecessary, to 
state that some of the important developments upon which stress has 
been laid in this paper are applicable only to plants of such magnitude 
as those of the Sanitary District. In small treatment works, or even in 
those of moderate size, some of the features which we have found both 
desirable and economical would be entirely out of place from the stand- 
points of proper plant flexibility and operating economy. It should 
also be noted that the designs for all of the Sanitary District plants 
are always influenced by the fact that weak sewage averaging roughly 
from 100 to 145 p.p.m. of suspended matter and 75 to 125 p.p.m. of 5- 
day B.O.D. is dealt with in all cases. 

The development of the construction program of major treatment 
works for the Sanitary District started under the direction of Edward 
J. Kelly as Chief Engineer, followed by Philip Harrington, as his sue- 
cessor. The present engineering staff consists of Wm. T. Trinkaus, as 
Acting Chief Engineer, Horace P. Ramey and Walter H. Faget, As- 
sistant Chief Engineers, Langdon Pearse, Sanitary Engineer, Homer 
I. Steffa and Wm. A. Dundas, Engineers of Mechanical Design, John T. 
Hawley and Frank W. Hinze, Electrical Engineers, Ralph R. Leffier, 
Engineer of Structural Design, Frank L. Finlayson, Architect, O. L. 
Eltinge and P. F. Girard, Engineers of Sewer Design, L. B. Barker, 
Engineer of Construction, and the writers as Engineer of Design and 
Engineer of Treatment Plant Design, respectively. Lloyd M. Joln- 
son is Engineer of Maintenance and Operation, and Dr. F. W. Mohlman 
is Director of Laboratories. 

Since December 16, 1933, the construction work of the Sanitary Dis- 
trict has been financed by a loan and grant from the Public Works Ad- 
ministration of the Federal Government to the total extent of $58,- 
630,000. The Public Works Administrator is represented by Mr. 
Joshua D’Esposito, as Resident Projects Engineer for the Sanitary 
District work. Mr. D’Esposito has been aided by a reviewing board, 
consisting of Messrs. Daniel W. Mead, Charles W. Kutz, and W. B. 
Storey. 
























IMPROVEMENTS IN SEWAGE TREATMENT AT 
STOCKTON, CALIFORNIA, AS AFFECTED 
BY CANNERY WASTES 


By Crypr C. Kennepy * 


Consulling Engineer, Call Bldg., San Francisco, California 


An excellent paper was presented a year ago at the meeting of the 
California Sewage Works Association in San Francisco by William T. 
Ingram, Sanitary Engineer, San Joaquin Local Health District, on 
‘“The Relation of Industrial Wastes to the Sewage Load at Stockton, 
California.’? When the conditions of gross pollution existing in the 
San Joaquin River and adjacent channels, described in Mr. Ingram’s 
paper, were brought to the attention of the public, bonds were voted for 
improvement of the sewage treatment plants of the City of Stockton. 

The studies for the preliminary report, on the basis of which im- 
provements now under construction were designed, were begun January 
1, 1936. At that time of the year, the industrial load was at a mini- 
mum. In fact, the only industrial waste of any importance being 
dumped into the river was from the fibreboard plant, which operates 
throughout the year. A program of continuous sampling of sewage at 
each of the two existing sewage plants was carried on over a period of 
a week, and the laboratory work was carried over a period sufficient to 
give the five-day oxygen demand during the period of sampling. 
Samples were taken of the fibreboard waste to determine the load im- 
posed on the river. 

This work gave a general picture of conditions prevailing in the 
period of the year when only the all-vear sewage load was being dis- 
charged. At the same time, samples were taken in the river over ¢ 
range of tide conditions approximately the same as those covered by 
the river survey conducted in the summer of 1935 by Messrs. Reinke 
and Foster of the Bureau of Sanitary Engineering, State Department 
of Health, and Mr. Ingram, and described in his paper. 

Certain physical conditions which determine the capacity of the 
San Joaquin River (Fig. 1) at Stockton for the disposal of sewage ef- 
fluent should be noted. The location of Stockton at the head of the 
tidal estuary makes the problem of sewage disposal similar to the dis- 
posal in bay waters. The summer flow in the San Joaquin River past 
Stockton is so small as to have little value for dilution of the organic 
wastes discharged by the city. The movement of the water in the San 
Joaquin River and adjacent channels is for the most part due to the 
movement of a tidal prism under the influence of the tidal range, with a 
movement downstream on the outgoing tide and back upstream on the 
incoming tide. Under these conditions the diffusion of fresh water 
from San Francisco Bay or the Sacramento River takes place very 


_ ™ Presented before the Ninth Annual Convention of the California Sewage Works Associa- 
tion, Santa Monica, Sept. 11, 1936. 
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slowly and has little value in providing a fresh supply of water for 
dilution purposes. 

Considerable study was given to this phase of the problem to deter- 
mine as nearly as possible the capacity of the stream to receive and 
dispose of organic wastes. Undoubtedly during the critical summer 
season the oxidation and disposal of the organic wastes is effected prin- 
cipally by the oxygen absorbed by the tidal prism. moving back and 
forth and the oxygen liberated in the water by the algae and other 
aquatic life growing therein. 

In order to determine within reasonable limits the surface area of 
the tidal prism moving past Stockton, an analysis was made of the prob- 
able velocities and consequent distance of travel through the tidal cycle. 
Under the conditions assumed, the distance the water will travel on 
each tide was estimated between 5 and 6 miles during the critical period 
of late summer. The water surface available for oxygen absorption 





eh 





Fic. 1.—San Joaquin River, near outfall of the North Plant. 


in the river, channels and adjacent sloughs between 5 miles downstream 
from the point of discharge of the North Plant and 3 miles upstream 
from the South Plant is approximately 750 acres. 

The studies conducted by the Bureau of Sanitary Engineering, 
State Department of Health, in 1930 and incorporated in Bulletin 28, 
Division of Water Resources, Department of Public Works, State of 
California as Appendix E, presented this phase of the problem very 
clearly. Fig. 2, taken from the above report, shows the curve of oxygen 
absorption under various conditions of oxygen depletion and wind 
action. 

No definite data were available on the amount of oxygen liberated 
in the San Joaquin River and connecting channels by plant growth. 
Somewhat meager data were available on the amount liberated in 
eastern waters under favorable conditions. These showed that the 
liberation may be in excess of 17 lb. of oxygen per acre of water surface 
per day. The conditions promoting a high rate of liberation are bright 























Vol. 9, No.2 SEWAGE TREATMENT AT STOCKTON, CALIFORNIA 273 














sunlight, reasonably clear water and temperature of the water high 
enough to stimulate plant growth. When the water is cold and turbid 
and the sky is overeast, the rate of liberation is greatly decreased. 
In winter the microscopic plant life dies down and in its decomposition 
exerts a demand on the oxygen in the stream instead of liberating 
oxygen. In summer there is a prolific growth of algae along the banks 
and in the quiet waters of the San Joaquin River, channels and sloughs. 
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Fig. 2.—Oxygen absorption from atmosphere. 


In that period it appeared reasonable to assume a rate of oxygen libera- 
tion approximately as high as has been observed on the eastern coast. 

Summarizing the above data, it was concluded that the receiving 
waters at Stockton have the capacity to dispose of an organic load and 
its consequent biochemical oxygen demand in an amount equal to the 
available regenerative oxygen, determined by the allowable oxygen 
depletion in the receiving waters. The quantity of such oxygen at any 
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time is the sum of the amount available by depletion of the normal dis- 
solved oxygen in the downstream flow, the amount absorbed from the 
atmosphere under the allowed degree of depletion and the amount 
liberated by plankton growth. 

To determine the amount of organic load that might be safely im- 
posed on the river and connecting channels during the critical period, 
without exceeding the assumed safe limits of an average dissolved 
oxygen depletion not exceeding 40 per cent, or 3 p.p.m. for the summer 
temperature then prevailing, the following tabulation was made up, 
showing available regenerative oxygen in pounds per day: 


Surrace ausormu0n, 20 1b. per Acre OVEr 790 ACIES 2.2. oc ccs cece sees sees ceee 15,000 Ibs 

Liberated by plant growth, 15 Ib. per acre over 750 acres ............6000.000 10,750 ‘** 

ERIC TEE. Mat MOOI MN, — 5'5 5 5j0 x nsw wi0ia ible 6 a 0 SOc oe ese s.oaesdetinwe seen 3.250 § 
MHRA rior Oe ee oe Lian oie Bel aia Gy a aNals Sate a ls SOO as SSA Maa ee ee Res 


For the purposes of design, we assumed that the daily oxygen de- 
mand load imposed by the discharge of organic wastes should not ex- 
ceed the amount determined above. 

The collecting sewers of Stockton are in two systems; one serving 
the area north and the other the territory south of the channel. The 
sewer leading to the North Plant has a safe estimated eapacity of 
9 m.g.d., while the sewer leading to the south plant has a safe estimated 
-apacity of 8 m.g.d. 

At the North Plant, records of flow have been kept by charting the 
rate of discharge of the entering trunk line sewer hourly. These rec- 
ords show an hourly maximum dry weather flow of 5.7 m.g.d. Because 
of storm water reaching the plant, the flow has increased to a rate of 
9.5 m.g.d. on three occasions in the past five years. 

At the South Plant, the measurement of sewage flow has been 
computed from the pumping record, and therefore there is reliable in- 
formation only for the total daily flow. The maximum and minimum 
rate were estimated by the length and frequency of the pumping 
periods. The maximum rate was 4.0 m.g.d. for a one-hour period. 

In addition to the discharge from the sewage works mentioned 
above, the wastes from the Fibreboard Products, Inc., discharge sepa- 
rately into the McDougald Canal. This canal, which, during the dry 
period, carries no water except that discharged by the fibreboard plant, 
is tributary to Mormon Channel (Fig. 3). The flow is a combination 
of industrial waste and the sanitary sewage from the plant. The 
daily flow, estimated at 3.0 million gallons, is discharged at a nearly 
uniform rate. 

The laboratory analyses made on the samples collected in January, 
1936, furnished the basis for estimating the organic load at that time 
These computations indicated that at the North Plant the organic con 
tent (volatile solids) varied from slightly under 6000 Ib. to 12,845 Ib 
per day. At the South Plant the organic load varied between 4,600 Ib 
and 6,700 lb. per day. 
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The 5-day B.O.D. of the sewage at the North Plant was considerably 
lower per pound of organic matter than that of the South Plant. The 
former was estimated to be .51 Ib. B.O.D. per Ib. of organic solids, and 
the latter .61 lb. per Ib. of organic solids. The waste from the fibre- 
board plant differed considerably from the plant sewages in B.O.D. 
The organic content was 16,140 lb., with an estimated 5-day B.O.D. 
equivalent to .3882 lb. per lb. of organic solids. 

Based on the above studies, it appeared that under the conditions 
prevailing in January, there was an average daily discharge of 30,840 
lb. of organic matter and 14,300 Ib. of B.O.D. to the North and South 
Plants and into MeDougald Canal. 

A great portion of the industrial load is seasonal, coming from the 
fruit canning plants which operate more or less continuously from the 
first of March to early in November. None of these plants were in op- 
eration during the period when the field studies and analyses of sewage 





suiuighs Ses 


Fig. 3.—Mormon Channel, Stockton, California. Note floating sludge. 


were made. Their influence was observed in the river studies made by 
Mr. Ingram and the Bureau of Sanitary Engineering in September, 
1935, and the condition of the river at that time with respect to dis- 
solved oxygen was shown. 

In an effort to arrive at a reasonable estimate of the total organic 
load and the probable oxygen demand imposed on the receiving waters 
in the most critical period, a careful canvass was made of the plants 
which operate seasonally and which were not in operation during the 
week of Jan. 6 to 13, 1936. In this survey the daily capacity of the 
plant of the particular food product being handled, the probable amount 
of waste, the probable organic content and the probable total contribu- 
tion to the sewage flow in gallons was sought. 

The canning waste includes all waste material from the canning of 
fruits and vegetables, except pits from apricots and peaches. It was 
assumed that the wastes now being hauled away from the plants and 
dumped would be ground and disposed of through the sewerage sys- 
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tem. The estimates of organic matter in the wastes were computed 
from the laboratory reports of two large canning companies. The 
oxygen demand of the organic matter was considered similar to that 
of domestic sewage. The tonnages of fruit and vegetables were se- 
cured from data collected by the State Department of Public Health 
and the San Joaquin Local Health District, as reported by the packing 
companies. 

The daily capacity of the combined industries in tons daily of fruit 
and vegetables handled by canning companies contributing to the two 
plants is tabulated below: 

















North Plant South Plant 
Spinach.... rate Scie ne a 190 
PSVBTARUS... . 5. .6. 20.23 aD — 
0 ee ; errr OC 170 
SO NUNIINEERUEES 2 o-oo oP chisel G wa dsne a O00 270 








From the analyses of the waste material the following tabulation 
was prepared: 

















| | | 
Per Cent | Per Cent Org. | Lb. Org. Mat. Lb. Oxygen Re- 
Waste | Mat. in Waste | per Ton quired per Ton 
—__—_—_—__| ——— ee ee ee eee eee 
Spinach........ 25 13 | 65 33 
ASPATACUS.... =... 47 | 6 56 28 
Peacnes........ 12 | 20 | 48 24 
Tomatoes. . . 25 19 | 96 48 
The following canning periods were used: 
Spinach..... ; ..March 1 to April 1 
Asparagus .. April 1 to July 1 
Peaches. . July 1 to Sept. 1 
Tomatoes... . ; ~avieves sieves ss epuet 15 to. Nov. 1 


Combining the data given above, Table I was made up, showing the 
expected load in sewage flow, in organic matter and in 5-day B.O.D. 
for each period of the year, together with the equivalent domestic 
population for that period. The 5-day B.O.D. was based on an as- 
sumed oxygen demand for the seasonal industrial organic waste of 
5 lb. B.O.D. per lb. of organic matter. In this table it is shown that 
the total daily organic load from domestic and industrial sources prob- 
ably would be, during the most critical summer period, 105,000 Ib., with 
a probable 5-day B.O.D. of 51,500 Ib. 

It was assumed that the entire waste product of the canneries, ex- 
cept peach and apricot pits, was discharged to the plants. As a solu- 
tion of the canning waste problem it is more economical to combine all 
wastes that require similar treatment, prior to reduction and disposal, 
in order to avoid the creation or continuance of local nuisance. From 
a practical point of view any other assumption will give a false sense of 
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adequacy to sewage treatment facilities. The cost of hauling solid 
wastes away from the plants and the difficulty of providing areas where 
such wastes may be dumped without violent objection from adjacent 
land owners combine to influence plant operators to convert as large a 
part of the wastes as possible into a liquid state which will flow with- 
out detection into the sewers. This has already been done in some of 
the plants in Stockton. 

Against an assumed safe load, equivalent to a B.O.D. of 29,000 Ib. 
daily, our studies indicated that there would, during the critical period, 
be produced and delivered to the treatment plants, an organic load with 
a B.O.D. of not less than 51,500 lb. Because of conditions that have 
been discussed, the sewage discharged into the tidal prism during the 
late summer months does not get out of this prism within a 5-day 
period and, in consequence, the B.O.D. for a 5-day period probably 
does not indicate the total demand which may be exerted for the oxida- 
tion of the organic matter. Based on the results of numerous studies, 
it is safe to conclude that the 5-day oxygen demand is not more than 70 
per cent of the amount of oxygen required to stabilize the organic 
matter. This ratio, applied to the estimated 5-day demand, would give 
a total oxygen demand in excess of 70,000 lb. daily. 

It seemed reasonable to assume a substantial increase in the growth 
and industrial development of Stockton during the next ten years. For 
these reasons, we considered it advisable to provide an increase in the 
daily organic load of 20 per cent. Under this assumption the expected 
organic load would be equivalent to 64,300 Ib. of 5-day B.O.D. This 
represented an excess of 35,300 lb. over the assumed safe load. Ex- 
pressed in other terms, it will be necessary to effect a decrease in the 
expected organic load of not less than 55 per cent in order to bring it 
within the amount that may safely be discharged into the river. 

The North Plant was constructed in 1919. It consists of a coarse 
bar rack with 4 in. openings, and a Riensch-Wurl fine screen and pump- 
ing plant, housed in a permanent concrete structure. The Riensch- 
Wurl sereen is 12 ft. in diameter with *%4 by 2 in. slots. The sereen- 
ings removed are discharged into buckets, which, when filled, are 
hoisted by means of a chain block to an overhead mono-rail track, on 
which they are carried a distance of 100 to 200 feet from the plant and 
dumped. 

The pumping plant consists of three units, one of 1500 g.p.m. ea- 
pacity, one of 3000 g.p.m. capacity, and one of 4500 g.p.m. capacity, all 
connected to a header. Any combination of these units can be op- 
erated to handle the flow. 

The South Plant consists of a coarse bar rack with 4 in. openings, 
and a pumping plant, housed in a permanent concrete building, and 
two Imhoff tanks with an aggregate settling chamber capacity of 5500 
cu. ft. and a sludge digestion capacity of 40,000 cu. ft. The pumping 
plant consists of three units, which, under the heads at which they now 
operate, have capacities respectively of 1650 g.p.m., 3260 g.p.m. and 
5000 g.p.m. These pumps discharge into a common header and may 
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be operated separately or in any combination. The water level in the 
sump is at elevation approximately 70 ft. and the elevation of the water 
level in the Imhoff tank is 98.5 ft. above city datum. 

The discharge line from the North Plant is a 27 in. precast conerete 
pipe, which discharges into the San Joaquin River at a point approxi- 
mately one mile west of the treatment plant. The ordinary static head 
on this line is from 16 to 24 ft. The static head with a recorded high 
water level of 97.8 will vary from 26.8 to 34.8 ft. The friction loss in 
the line for periods of maximum discharge is probably about 6.7 ft. 

The effluent line from the South Plant leads directly from the Imhoff 
tanks in a southwesterly direction to the river, a distance of approxi- 
mately 700 feet. It is a 30 in. diameter concrete pipe with an esti- 
mated capacity of 8 m.g.d. The effluent lines at each of the plants at 
present discharge at or near the shore line of the river channel, with 
full size of pipe opening below the water surface. 

It was not considered of value to investigate the performance of the 
existing plants. It was obvious that they were inadequate to meet the 


TaBLE I.—Assumed Average Daily Sewage Flow, Organic Load and 5-Day Biochemical Oxygen 
Demand 


North Plant 


Jan. and Feb March Apr., May, June 


=e , 
Flow | Lb. Org.| Lbs. 


Flow | Lb. Org.| Lbs. Flow | Lb. Org.| Lbs. 
M. Gal.| Matter | Oxyge n 


M. Gal.| Matter | Oxygen| M. Gal.| Matter | Oxygen 


Domestic Sewage, Laundries, | 
Creameries, Ete 2.6 9,000 4,600 2.6 9,000 4,600 | 2.6 9,000 | 4,600 


Spinach....... Pokies l 6,000 | 3,000 | | 
Asparagus. * 6,200 | 3,100 
Peaches... | - 

| 


Te omatoes... 








Tot: ul. ; 2.6 9,000 +,600 2.4 15,000 7,600 | 3.3 15,200 7,700 
Population E quiv: alent... 29,000 | 48,000 | | 48,500 | 
| | 
July Aug. 1 to Aug. 15 | Aug. 15 to Sept. 15 
Flow Lb. Org Lbs Flow | Lb. Org.| Lbs. | Flow be b. Org.| Lbs. 


M. Gal.| Matter | Oxygen| M. Gal.| Matter Oxygen | M. Gal. Matter | Oxygen 


Domestic Sewage, Laundries, | | 





2.6 | 9,000 | 4,600 




















Creameries, Ete...... 2.6 9,000 | 4,600 2.6 | 9,000 | 4,600 | 
Spinach........ ae | | | 
Asparagus...... ; | | - | - j i 
oS eee 2 11,400 5,700 | 3 | 11,400 5,700 | > oo “400 | 5,700 
Tomatoes | | ie ie} 3B 800 | 11, 400 
Total. ; 2.8 20,400 10,300 | 2.9 | 20,400 | 10,300] 4.1 | 49,200 “24, 700 
Population Equivalent | 65,000 | | 65,000 | | | 155,000 
| 
Sept. 15 to Oct. 31 November December 
Pe i a pana ame l | 
Flow | Lb. Org | Lbs. | Flow | Lb. Org.| Lbs Flow | Lb. Org.| Lbs 
X 
| 


I Gal.| Matter | Oxygen M. Gal.| Matter eee M. Gal,| Matter | Oxygen 
| 





Domestic Sewage, Laundries, 
Creameries, “a , 26 | 9,000 
Spinach........ ; : -- — | 
Asparagus........ - - | 
| 


a 2.6 | “i 4,600 2.6 9,000 | 4,600 


= 

| 
eee : : - | =| = 
Tomatoes......... 4 28,800 | | 14,400 | “es | = a 





9 ,000 or 600 
29,000 


Population Equiv alent...... | 120,000 | 29,000 





Total. 3.0 | 37,800 | 10,000 | 2.€ oar 9,000. “4,600 =e 
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TABLE I.—Continued 


South Plant 
















































































- | 
| Jan. and Feb. | March | Apr., May, June 
| | 
Flow | Lb. Org.| Lbs. | Flow | Lb. Org. | Lbs. Flow | Lb. Org.} Lbs. 
| M. Gal.| Matter | Oxyge n | M. Gal. | Matter | Oxyge n| M. Gal.| Matter | Oxygen 
= — SEAL SS pieces = ia SERBS =2aeG Ee ferries 
Do ymestic Sewage, L aundries, | | | | | 
Creameries, Ete...........] 1.5 | 5,700 | 3,500 | 1.5 5,700 | 3,500 5,700 | 3,500 
RINGS 02 cscck ARR Ba = =i a 12/800 | é 100 & a ae 
Asparagus..... ie Pagsiave — = = | = — —_ — 
Peaches..... : | - | — — 
Tomatoes...... Sagat s | - | — | 4 
Fibreboard....... | 3.0 | 16,000 6, 200 | 3.0 16,000 6, a 3.0 | 16, 000 | 6, 200 
Total... ........| 45 | 21,700 | 9,700 | 5.3 | 34,500] 16,100| 5.2 | 21,700 | 9,700 
Population E quiv ale nt. re eat | 61,000 | 100,000 | 61,000 
arco — 
| July | Aug. 1 to Aug. 15 | Aug. 15 to Sept. 15 
| ae ee ee 
Flow | Lb. Org. | Lbs. | Flow Lb. Org.| Lbs. Flow | Lb. Org.| Lbs. 
| M. Gal. | M: atter | Oxygen | M. Gal.| Matter | Oxygen | M. Gal. Matter a Oxygen 
Domestic Sewage, Laundries, | | bse 
Creameries, Etc. é LES 5,700 | 3,500} 1.5 | 5,700 | 3,500] 1.5 5,700 | 3,500 
Spinach...... a | | | - ~ — 
Asparagus. ae ee - - — 
Peaches. . | 6 8,200 4,100 5 8,200 4, 100 4 8,200 4,100 
Tomatoes | —- oO — PY J 26,000 | 13,000 
Fr ib reboard. ‘s 3.0 16,000 6,200 | 3.0 16,000 } 6,200 | 3.0 16,000 6,200 
Tots a ane as : Jy, oe 29,900 13,800 | 5.5 | 29.800 | 13,800 | 5.6 | camel 26, 800 
Population Equiv: alent... : | 87,000 | | | 87,000 | | | 169, 000 | 
| | | | 
Sept. 15 to Oct. 31 | November | December 
; | | 
Rs low | Lb. Org.| Lbs. | Flow | Lb. Org.| Lbs. | Flow | Lb. Org.| Lbs. 
- Gal. Matter | Oxygen | M. Gal.) Matter | Oxygen} M. Gal.| Matter | Oxygen 





Domestic Sewage, Laundries, | 


3,500 1.5 00 | 








| 61,000 


A 
| 
| 
Creameries, Ete. 1.5 5,700 | 3,500 | 5,700 i | 5,700 | 3,500 
Spinach.... ; — — } | - _— 
Asparagus. . - — | | — 
Peaches.... ~ - | De 
Tomatoes..... — 1.3 26,000 | 13,000 | 
F i breboar Cree | 3.0 16,000 6,200 | 16,000 200 | 3.0 | 16, 000 200 
Total. . 5.8 47, 700 | 2 22 700 | 4.5 | 21,700 | 9,700 | 4.5 | 21,700. “9 700 
Population E \quiv alent... \ 43,000 | 61,000 | | 





Note: The above flows make no allowance for storm water peak discharges. 


demands then made upon them. It was our purpose to work out a 
practicable solution of the problem of treatment of the domestic sew- 
age and industrial wastes which existed, with reasonable provision for 
erowth; and to utilize, to the maximum degree possible, the existing 
treatment plant units. This purpose was determined, to some degree, 
by the fact that the amount of money which would be available had al- 
ready been set up in the proceedings under way to provide the neces- 
sary funds. 

The plan for the North Plant provides for the construction of a sand 
removal unit ahead of the Riensch-Wurl screen of sufficient capacity to 
remove all plus-65 mesh sand and grit. The quantity of grit will prob- 
ably vary from a dry weather low of one or two cu. yd. per day to pos- 
sibly 15 to 20 eu. yd. per day in times of high storm water flow. 

The existing Riensch-Wurl sereen effects a very positive removal of 
the coarser suspended solids. With the character of waste coming to 
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the plant in the summer season when the canneries are operating, this 
removal is of very great value. It has been observed that when heavy 
canning waste loads are discharged into sedimentation tanks, a con- 
siderable portion of the skins and similar fibrous matter will neither 
rise to. the top, where it may be skimmed off, nor sink to the bottom. 
It remains suspended in the intermediate zone of tank liquid and passes 
out with the effluent. A considerable portion of the suspended organic 
waste load thus escapes, resulting in a lower efficiency of the plant. As 
an aid in removing this portion of the wastes, the screen will be of great 
value, and will obviate the requirement of a fine bar rack. 

The discharge line from the pumps will lead to a sedimentation tank 
set at such an elevation that the effluent will discharge by gravity 
through the present outfall line. With the assumed high water level 
in the river of 97.8 ft., a weir elevation of 103.5 ft. has been selected. A 
free board of 18 in. above this level provides an ample factor of safety 
against all probable flood conditions. 

A tank 90 ft. in diameter with a sidewall water depth of 15 ft., meets 
the physical conditions at the plant site. This tank provides for a de- 
tention period of 21% hr. and 1000 gal. per sq. ft. per day overflow rate 
for a flow approximately 20 per cent in excess of the estimated maxi- 
mum rate for a 3-hour period, under the most critical summer flow 
conditions. 

The disposal of the sludge from the sedimentation tank and the fine 
sereenings at this plant was the most difficult part of the entire disposal 
problem. The location of the plant adjacent to the new city park and 
country club, and in comparative proximity to residential development, 
which is rapidly assuming a higher type, made the disposal near the 
present plant particularly difficult. The usual and most economical 
method of disposal, by digestion in tanks and drying the digested sludge 
on beds, appeared entirely unsuited to these conditions. The required 
area of the sludge drying beds for the estimated summer load would 
have been not less than 2.4 acres. This area at this location would 
have required the purchase of probably 10 acres of land. This amount 
was necessary to provide the minimum width of buffer strip recom- 
mended by the Bureau of Sanitary Engineering, State Department of 
Health. The estimated cost of the digestion tanks, including provision 
of gas collection and burning, together with the cost of the sludge dry- 
ing beds and additional land required, was in excess of $100,000. This 
amount of money, added to the cost of the essential units already de- 
scribed, exceeded the total funds available and precluded the possibility 
of making the vitally necessary improvements at the South Plant. It 
was, moreover, questionable whether this method of disposal might not, 
in the near future, meet with local objection. 

As the most satisfactory and most economical solution of this prob- 
lem, it was provided that the sludge from the sedimentation tank be 
coliected in a sump, to which the screenings from the fine screen will 
be discharged after grinding in a hammer mill. The combined solids 
will be pumped from this sump through a pressure line approximately 
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10,000 feet long to the existing Imhoff tanks at the South Plant. There 
the sludge will be mixed with the sludge from the South Plant and the 
combined mixture disposed of as described later. By the adoption of 
this plan, the only process of sewage treatment which was likely to be 
subject to local objection at this plant—i.e. sludge handling and dis- 
posal—was eliminated. The sludge can be much more readily disposed 
of at the South Plant, where the isolation is good and the area owned 
by the city is ample and where more land may be acquired at a much 
lower cost than at the North Plant. 

The incoming pipe line at the South Plant has an estimated capacity 
when flowing full of 8m.g.d. This is sufficient for the present flow plus 
an allowance of 20 per cent for increased flow. The condition of 
Mormon Channel due to the Fibreboard Products plant waste has been 
discussed. Because of the burden imposed on all the waters in the 
San Joaquin River and channels by this waste, it appeared imperative 
to treat the waste. The discharge of the sanitary sewage with the 
plant waste in an otherwise dry channel, along the course of which are 
many residences, threatened a distinct and important menace to health. 
For these reasons, it is planned that the discharge from the plant be 
connected directly to a new trunk line sewer leading to the South Plant. 
The discharge line now in use is ample in capacity to carry the total 
expected flow. In this plant, the pumping capacity is ample to meet 
any anticipated demand. 

The plan provides for constructing a sand removal unit at the South 
Plant similar to that recommended for the North Plant. Since the 
flows at both plants with high storm water discharge will be nearly the 
same, the size for each, as recommended, is the same; namely, a ¢a- 
pacity of approximately 81% m.g.d. 

Kor the same reasons that the continued use of the Riensch-Wurl 
screen at the North Plant was considered necessary, the construction 
of a fine screen unit has been provided for the South Plant instead of a 
bar rack. The leveling off of the peak load, which would otherwise be 
thrown on the sedimentation tank, and the improved effluent possible 
through its use, will, in my judgment, warrant its extra cost. The 
screen unit is provided with a bucket elevator to elevate the screenings 
which, as at the North Plant, will be ground in a hammer mill and dis- 
charged with the sludge from the sedimentation tank. 

The discharge line from the pumps will also, in this plant, be carried 
to a sedimentation tank with the weir elevation set to provide for 
gravity discharge through the existing effluent line at all stages of the 
river. A weir elevation of 100.0 ft. with an 18 in. freeboard safely 
meets this requirement. With the assumed weir elevation, a tank with 
side wall water depth of 15 ft. and 100 ft. in diameter will provide an 
overflow rate of 1000 gal. per sq. ft. per day and 244 hours detention 
period for maximum flow rate, 20 per cent greater than that estimated 
for a 3-hour period for the critical summer season. 

The sludge from the sedimentation tank will be drawn to a sump 
into which the finely ground screenings will also be discharged. This 
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sludge will be pumped to the existing Imhoff tanks where it will be 
mixed with the sludge pumped from the North Plant. The sludge 
pumping unit consists of two pumps, each of 250 to 300 g.p.m. capacity, 
either of which has sufficient capacity to deliver the estimated quantity 
of sludge to the Imhoff tanks in eight hours. 

It is proposed to utilize the entire capacity of the existing Imhoff 
tanks for holding the sludge. To do this, the existing flowing-through 
chambers will be removed. The tanks have a capacity of 60,000 eu. ft., 
which will provide a holding period of from 2 to 7 days. This holding 
period will, it is expected, result in materially reducing the water con- 
tent of the sludge. It is proposed to draw the thickened and partially 
digested sludge into lagoons constructed in the area between the Santa 
Fe Railroad and the San Joaquin River, which now belongs to the city 
and is used in part for sludge beds. In these lagoons it will be allowed 
to digest and dry. After the moisture content is sufficiently reduced, 
the digested sludge will be removed from the lagoons by steam shovel 
or dragline, and hauled away for use as a soil conditioner and fertilizer 
or for filling. 

The decision to use this method of sludge disposal does not preclude 
the adoption of some other method at a later period when funds are 
available, if lagooning should prove inadequate or unsatisfactory. By 
that time, there will have been opportunity to study the characteristics 
of the sludge and its amenability to tank digestion or other type of dis- 
posal which might prove more desirable. 

The bids for the construction work as planned exceeded by some 
$6000 the amount of money available. After considerable discussion it 
was decided to eliminate the grit removal units from the original con- 
tract and the work is now proceeding under this revision of plan. All 
of the excavation and retaining walls, providing space for the installa- 
tion of the grit removal units, will be included in the present contract. 
It is hoped to provide additional funds to complete the plant as planned 
at an early date; if possible before the other units are ready to go into 
operation. The contract cost for the work as awarded is approximately 
$137,000. 

The contractor is the M. J. B. Construction Company of Stockton. 
The construction work is being carried out under the supervision of 
Lyle Payton, City Engineer. The plans and specifications were pre- 
pared under my direction, in collaboration with the office of the City 
Engineer. 

Discussion 

Mr. Kennedy: I have suggested to your president that we should 
hear from someone other than myself with regard to the Stockton plant 
and he has invited Mr. Lyle Payton, city engineer of the city of Stock- 
ton, to discuss some of the problems of construction and operation of 
this plant for you. 

Mr. Payton: I think the most striking thing to me today in listening 
to Mr. Kennedy’s report on the solution of our sewage problem—is the 
fact that— he ‘‘answered the question’’ for us. 
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As he has stated, Mr. Ingram gave a very condemning paper last 
year at San Francisco. At the conclusion of his paper the chairman 
called for discussion of the subject and a gentleman behind me asked 
this question: ‘‘ What is the city of Stockton going to do about it? ... 
which question came from Mr. Kennedy himself. Little did he or I 
then know that the solution of the problem would be placed in his hands. 
Shortly thereafter the San Joaquin local health district and our city 
fathers decided there must be something done to alleviate the condition 
of the San Joaquin River. The funds provided, as we later found out, 
were rather meager, and we are very fortunate to have had Mr. Ken- 
nedy’s design in awarding a contract. The funds provided included an 
excess of $20,000 over the bond issue. This excess was taken from 
available funds on bond. 

Work on the North Plant started about the middle of July, 1936, and 
progress was rather slow. There were water difficulties in connection 
with the footings of the structures but later on we encountered condi- 
tions much more favorable than we had anticipated. The area in which 
the plants are located is adjacent to the San Joaquin River at an ele- 
vation close to sea level, and ground water during the winter is very 
close to the surface. Fortunately, by the time the contracts were let 
the water had pretty well receded and we were able to secure fairly 
vood foundation conditions. Work on the North Plant is now well 
under way: the walls and foundations are complete for housing of the 
screens, pumps and sludge pit. The foundation for the clarifier has 
heen completed and that is the one which gave us the most concern. 
Investigations at the time of its design indicated that the soils were of 
insufficient stability to carry the relatively light load of the tank and 
we therefore had to make an excavation of from 3 to 5 feet of a light 
peat soil, substituting for it a fine sediment from the Calaveras River 
which was available a short distance away. We thus succeeded in pre- 
paring and perfecting an excellent foundation for the tank. 

With the work under way we are very well pleased with the design 
prepared by Mr. Kennedy—and we have every reason to believe that 
the pollution of the San Joaquin River will be eliminated to a very satis- 
factory degree. 

Mr. Ingram: In the first place, I would like to say here and now that 
we are exceedingly fortunate in Stockton in securing Mr. Kennedy’s 
services. As you noted in his report, he very carefully went into detail 
to show us the vagaries of industries. 1 understand, however, that 
plans are now well under way for the enlargement of canneries in 
Stockton and the industrial wastes flow will probably exceed his 20 per 
cent estimate in considerably less than ten years—and undoubtedly 
there will have to be an addition to the Stockton plant in the very near 
future. With all due respects to Mr. Kennedy and his splendid ac- 
complishment for the city of Stockton, we do have that problem still 
confronting us and sooner or later Stockton will again be behind the 
times. We all know pretty well how to estimate sewage flows from 

domestic sourees—but when it comes to industrial wastes, it just can’t 
be done. 
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Mr. Gray: I was impressed with Mr. Kennedy’s report and with the 
manner in which he has approached the problem of industrial wastes. 
... I have heard, at various times, ideas put forth with regard to 
eliminating certain kinds of wastes that are being sent down our sewers 
by forbidding them to be turned into the sewers, and I have always felt 
that is a mistake. ... I think we will have to take whatever sewage 
and industrial wastes are given to us and meet the conditions that arise 
in their treatment and disposal. 

Mr. Kennedy: We had to keep always in mind the amount of money 
which was allowed for the project. We couldn’t come right out and 
say we would have to demand a 40 per cent increase, the people 
wouldn’t let us do it at all, and so we had to edge them along until we 
got them this far. What we have laid out represents approximately 
the margin you may expect to get economically with plain sedimenta- 
tion. Attention has been called to the fact that there are now avail- 
able various aids to treatment such as: mechanical flocculation, chem- 
ical treatment, magnetite filters, ... ete. . . . We have had to cut the 
suit to fit the cloth. 

Mr. Parkes: It seems to me that where an industry is burdening a 
treatment plant, and runs up not only the cost of construction but of 
operation as well, the industrial plant should be required at least to 
relieve that load. By that I don’t recommend turning out a potable 
effluent. Where a cannery is discharging an organic load two or three 
times that of the rest of the city—that industrial plant should be re- 
quired to effect at least a partial treatment of the waste before sending 
it on to the treatment plant. There are certain cases where industries 
have been required to treat their wastes and have derived a profit 
thereby. I would say that if possible they should be required to reduce 
the load to some extent. - 

Mr. Gray: Improvements and recovery will not only lighten the load 
for the treatment plant but may bring profit to the industry. How- 
ever, I still say I do think we will have to face the situation as it is and 
make the most of it. 

Mr. Stevenson: I suggest that we hear the views of the operator of 
the Stockton plant? 

Mr. West: The city went to work and voted those bonds, with the 
consequence that they ran into objections. After the plans had been 
submitted and they found there wasn’t enough money, they commenced 
eliminating, cutting down, until I wondered if we would get anything 
before it was over. We do have one satisfaction—they have started the 
excavation! Iam only hoping that a miracle will happen—that some- 
body will uncover an old pirate’s treasure, or something—and we will 
have enough money to complete the plant. 























COAGULATION CONTRASTED WITH CHEMICAL 
PRECIPITATION IN SLUDGE FILTRATION 


By A. L. GEenTER 


Chemical Engineer, Baltimore, Maryland 


This article is intended primarily as a discussion of the relative 
merits, during suction filtration, of using precipitants such as iron 
salts and lime or sludge elutriation followed by the addition of a simple 
coagulant. As indicated by the title, a distinction is made between 
precipitation and coagulation. As the economics of filtration of sewage 
sludges is involved in understanding this distinction, some explanation 
is desirable. 

In a precise chemical sense the term precipitation means the proc- 
ess of making certain soluble substances (salts and ions) insoluble by 
the addition of some soluble reacting substance. The insoluble pre- 
cipitate thus produced can appear and persist as dispersed cloudiness 
or it can gather in larger particles that rapidly settle, or it may even 
appear as gelatinous clusters. In the realm of colloid and capillary 
chemistry, coagulation or flocculation applies more to the coalescence 
or congealing of finely dispersed particles or insoluble amorphous 
complexes into larger and coarser agglomerates by some simple pro- 
cedure, namely stirring or the addition of some highly ionized sub- 
stance. Precipitation should therefore apply only to reactions of mat- 
ter in solution, while coagulation or flocculation should apply to matter 
that is not in solution but rather in some colloidal state. The sanitary 
chemist correctly defines the coalescence of dispersed colloidal matter 
in water or sewage into larger agglomerates by stirring as flocculation. 
However, if precipitate-forming chemicals are used in this process, 
actual chemical precipitation will be the initial result. 

Therefore considerable confusion can be avoided by understanding 
this distinction. It is true that a great many chemical precipitates can 
be ecolloidally dispersed or have gelatinous colloidal properties. It is 
likewise true that these precipitates can be materially coarsened by 
flocculation or coagulation. 

Some Facts About Chemical Precipitation.—In separating chemical 
precipitates from water on vacuum filters the granular, drainable struc- 
ture of the precipitate is of prime importance. This should be under 
control. However, in chemical precipitation all kinds of precipitates 
can be formed by the interaction of various chemical solutions. The 
mere fact that these precipitates are formed in predictable amounts 
gives no indication of their behavior when subjected to partial de- 
watering by simple filtration. As is very well known, precipitates of 
the hydroxides of calcium, iron and aluminum can exhibit distinct col- 
loidal surface properties, namely, they can be gelatinous, filled with 
minute capillaries and therefore highly hydrated and quite capable of 
definitely blinding any commercial filter medium. Mixtures of these 
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gelatinous hydroxides with more granular carbonate or phosphate pre- 
cipitates may entirely change the dewatering properties of the former. 
A certain excess of precipitates of ferric, calcium or aluminum hy- 
droxide in any sludge cake may easily cause smears and cloth blinding, 
whereas a certain amount of calcium carbonate in the cake may elim- 
inate such action. 

Consequently chemical precipitates can cause distinct filtration dif- 
ficulties and unless the ingredients involved in producing the precipi- 
tates are definitely known by analysis and under control, the amounts 
used are of no value in predicting and governing the dewatering prop- 
erties of the precipitates. 

Some Facts About Coagulation.—In dealing with the colloidal sur- 
face properties of amorphous solids in sewage and sewage sludges it 
is known that the solids in the coagulating reaction are not in solution, 
but nothing is known about the dispersion of the solids involved and the 
extent of the adsorbing surfaces. Although coagulation can be caused 
by adding small amounts of certain electrolytes, or even by stirring, 
chemical equations cannot be used to express the reactions in predict- 
able weight proportions. This is an important distinguishing char- 
acteristic between chemical precipitation and coagulation by the use of 
electrolytes, which are herein called coagulants. 

The other points of practical importance to remember are: (1) Ion 
adsorption by colloids is preferential and specific. (2) Colloidal dis- 
persions are not permanent like true solutions, 7.e. they tend to coalesce 
slowly to larger aggregates. Such coalescence, or flocculation, can fre- 
quently be hastened by stirring. However, the floccules so produced 
are too amorphous to be satisfactorily dewatered on a vacuum filter. 
(3) The addition of a coagulant that will neutralize the charges on the 
dispersed surfaces or separate the absorbed ions, is necessary to pro- 
duce the maximum shrinkage of the highly amorphous solid surfaces 
and to coalesce them into more compact coarse aggregates. (4) Most 
colloids encountered in raw and digested sludges are negatively charged 
as a result of adsorption and can be coagulated by small quantities of 
certain positive coagulants when surrounded by pure water. (5) The 
higher the valence of the positive coagulating ion the greater is its 
coagulating power, 7.e. the smaller is the amount needed to produce the 
same coagulation. (6) The velocity of this coarsening is usually more 
rapid than is the case with chemical precipitation. In fact with the 
latter coarsening may be practically absent. 

Chemical Precipitation and Sludge Futration.—Solutions of ferric 
chloride, ferric sulphate, chlorinated copperas, aluminum chloride and 
aluminum sulphate contain trivalent electrolytes and are therefore ex- 
cellent sludge coagulants. They also form precipitates with lime, bi- 
carbonates, sulphides, fatty acids and other soluble compounds ordi- 
narily found in the moisture surrounding sludge solids. Compared 
with these trivalent electrolytes, lime is relatively cheap. 

Any of these compounds can be added separately to sludges to form 
precipitates with the soluble decomposition products in the sludge mois- 
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ture and to coagulate the sludge solids. However, when used indi- 
vidually, those precipitates and floes formed by the addition of alumi- 
num chloride, ferric chloride, chlorinated copperas and ferric sulphate 
are the only ones that can be successfully handled on an ordinary 
vacuum filter. 

In the effort to use smaller quantities of ferric salts and to make 
direct use of the bicarbonates in sludge moistures, the addition of milk 
ot lime has been employed in rendering raw and digested sludges de- 
waterable on vacuum filters. The use of lime and ferric salts together 
on such sludges is made possible by the chemical compounds in solution 
in the sludge moisture. 

The bacterial decomposition of raw sludge through detention is 
responsible for the liberation of a number of soluble compounds that 
accumulate in the relatively large volume of water surrounding the 
sludge solids. For example, sewage solids are rich in matter of protein 
origin. A large number of amino acids and amino compounds result 
from the initial decomposition of proteins. The amino acids are pri- 
marily broken down by microorganisms in two ways, namely, the amine 
(NH.) groups are split off and ammonia and fatty acids result (de- 
amination), or the carboxyl (COOH) groups are split off and numerous 
amines and earbon dioxide result (decarboxylation). As both types of 
reactions occur in normal putrefaction, the liberated ammonia and 
carbon dioxide can unite to form ammonium bicarbonate in the sludge 
water. Ammonia may also combine with the resulting fatty acids and 
lumerous other organic acids. A great number of other biochemical 
reactions undoubtedly occur and result in the evolution of objectionable 
gases and soluble complexes, which are mostly acid in nature. These 
tvpes of putrefaction are common to raw sludge. 

In sludge digestion anaerobes are cultivated and the sludge decom- 
position is held under control. Although deamination and decarbox- 
ylation proceed, the resulting fatty acids and other compounds are all 
broken down to much simpler and odorless compounds, such as methane, 
nitrogen, carbon dioxide and hydrogen. The ammonia remains trapped 
in the sludge water mainly as ammonium bicarbonate. The water be- 
comes alkaline. + 

In adding ferric salts and lime to any sludge, both chemical precipi- 
tation and coagulation of sludge solids takes place. Ferrie salts and 
lime will react with ammonium bicarbonate and various fatty acids to 
form insoluble precipitates of hydrated ferric oxide, ferric soaps, lime 
carbonate and lime soaps, and the ferric salts and lime will react to 
form hydrated ferric oxide. Practically all of these precipitates ex- 
cept lime carbonate are very gelatinous and difficult to filter. Although 
hydrated ferric oxide is highly gelatinous and colloidal in nature its 
surface charge is opposite to the charge of most sludge solids. . 

The amount of the precipitates formed will be determined by the 
amount of the precipitating decomposition products in solution in the 
sludge water and the amount of water present in the sludge. The con- 
centration of these precipitating compounds in the sludge water de- 
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pends on the degree to which decomposition has proceeded. Dewater- 
ing raw sludge by chemical precipitation becomes progressively more 
difficult with increases in the degree of putrefaction.t The resulting 
precipitates of lime and iron become so gelatinous that nothing but 
unfiltrable smears result. However, the opposite holds true with di- 
gested sludge. Here digestion has to proceed far enough to break 
down the amino and fatty acids into ammonium bicarbonate and other 
simpler compounds that do not result in too much gelatinous precipi- 
tate. The longer the sludge is detained in digestion the less danger 
there is of producing filter smears when lime and ferric salts are used 
for precipitation. However, in digesting activated sludge the result- 
ing concentration of ammoniacal compounds in the sludge moisture can 
become great enough to render the sludge practically unfiltrable when 
using economic quantities of ferric chloride alone or together with lime. 

In addition to a number of complex chemical precipitating reac- 
tions that result when using lime and iron precipitants, some floceula- 
tion of sludge colloids evidently occurs. Under conditions involving 
the precipitation of the positively charged ferric hydroxide there is 
probably some coagulation of this gelatinous precipitate and the sludge 
colloids because of the negative charge of the latter. Calcium hydrox- 
ide may have some slight effect on the sludge solids. However, an ex- 
cess of this reagent can cause dispersion and result in cloth blinding. 

The resulting porous nature of the precipitate is largely due to the 
presence of bicarbonates and carbonates in the sludge moisture which 
form agglomerates of calcium carbonate. If it be desired to confirm 
this statement, the soluble bicarbonates can be removed, either by elu- 
triation or by other methods, followed by the addition of ferric chloride 
and lime. This treatment will result in the formation of hydroxides of 
lime and iron without the formation of precipitated lime carbonate. <A 
relatively unfiltrable mass will result, although chemical precipitation 
and coagulation have definitely taken place. The excessive amount of 
gelatinous precipitates formed will obliterate the coarsening effect pro- 
duced by coagulating the sludge solids and definite filtration difficulties 
result. 

In using lime and ferric salts on sludges, chemicals are added to 
other chemical compounds naturally present in the sludge water. The 
true solution reactions are first completed and are used to form precipi- 
tates which aid in rendering the entire sludge dewaterable by filtration. 
The amounts of the precipitates formed are largely a direct function of 
the precipitate-forming solutes already present in the sludge water and 
of the amount of water present in the sludge. The amounts of solutes 
and water present in sludges constantly vary. These facts cause most 
of the difficulties encountered in trying to feed two chemicals continu- 
ously in minimum amounts. Added to these difficulties are those due 
to frequent smears on the filter cloth and those due to the rapid incrus- 
tation of the cloth with ferric hydrate, magnesium hydrate and car- 


bonate of lime. 
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Furthermore, the chemical precipitates formed remain in the filter 
cake. When lime is used, the cake weight can be increased 25 to 30 
per cent by the extra amount of calcium carbonate, lime soaps and ferric 
hydroxide. One pound of soluble CaO, if completely precipitated, will 
vield 1.79 lb. of CaCO, and larger quantities of fatty acid compounds 
of lime. One pound of ferric chloride will yield 0.66 lb. of ferric hy- 
droxide and more of fatty acid compounds of iron. If filter cakes con- 
taining these precipitates are to be incinerated it is of importance to 
consider that for every ten tons of sludge solids dried and burned about 
two tons of inert chemical precipitate may have to be carried along as 
dead weight. 

Elutriation, Coagulation and Sludge Filtration—Kvery sludge con- 
sists of individual particles separated from other particles by water or 
sludge liquor which is mostly water. The particles vary enormously in 
size, from those in true colloidal state (sols) to agglomerates of sols 
that may also form large visible aggregates. The latter, on account 
of their amorphous and highly capillary active structures, still possess 
the essential surface behaviour of the sols toward electrolytes, namely, 
when surrounded by pure water, they can be coalesced, made less amor- 
phous and more compact coarse aggregates by the addition of small 
amounts of ferric and aluminum salts. Elutriation displaces the ob- 
jectionable sludge moisture by pure water. 

This procedure completely eliminates the use of lime with its at- 
tendant nuisances such as provision for storing, unreliable and un- 
sightly methods of feeding, ammonia evolution from the sludge, varia- 
tions in alkalinity, increase in cake weight and ash, frequent cloth 
blinding and rapid cloth incrustation. At the same time elutriation 
materially diminishes the consumption of ferric chloride or other triva- 
lent coagulant. The difficulties incidental to feeding any coagulant by 
automatic means are also diminished because after being elutriated, the 
sludge exhibits little variation in solid content, pl! change and pos- 
sesses a more uniform behaviour toward the coagulant used. 

One very costly factor incidental to the chemical precipitation of 
sludge with ferric chloride and lime appears to be that of filter cloth. 
At Springfield, Ohio,? the amount of 6 cents per ton of sludge solids 
for filter cloth (including wire and labor for changing) is a costly item 
when translated to larger installations. With such abnormally high 
sludge solids the fact that one filter dressing yields only 200 tons of 
solids on a filter having approximately 250 sq. ft. of filter area, means 
that each cloth dressing is good for only about 100 hours service. This 
is due principally to the use of lime and is somewhat similar to the 
experience gained in using ferric chloride and lime on the mixture of 
raw and activated sludge at Hagerstown, Md. If magnesium com- 
pounds are present in the lime and the sludge moisture, the use of lime 
will precipitate magnesium hydroxide, which rapidly ruins filter cloths. 
There is always some lime carbonate and ferric hydroxide in solution 
with such practice. Some of these compounds remain in the cloth mois- 
ture. Precipitates of solid calcium carbonate, magnesium hydroxide 
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and ferric hydroxide are gradually deposited from this moisture in the 
fibres of the cloth. 

The experience gained at Baltimore with elutriated sludges showed 
that one dressing lasted through an entire year of experimentation. 
It should be stated that the cloth used was made of wool. Nevertheless 
the excellent cloth life was undoubtedly due to the elimination of the 
presence of bicarbonates in the sludge moisture and the complete ab- 
sence of the use of lime. With elutriated sludges such filter dressings 
should give at least 1200 hours service. 

The evolution of carbon dioxide gas and foaming when stirring 
ferric salt solutions into elutriated sludges is entirely eliminated and 
the coagulation of sludge solids takes place within 30 seconds. 

A further advantage is that a cheaper coagulant such as aluminum 
sulphate can be used.* On elutriated sludges good results have been 
obtained with this coagulant since much less gelatinous hydroxide pre- 
cipitate is formed and the trivalent aluminum ion has more opportunity 
to coagulate the sludge solids. 

When elutriated sludge is filtered, the digestion period can be defi- 
nitely shortened.’ When the sludge is elutriated one is mainly con- 
cerned with the digested solids. In order to avoid misunderstandine, 
the term digested solids refers to those solids, which during the process 
of normal digestion have evolved most of their gas, have ceased to float 
as a result of gas evolution and have consequently settled to the bottom 
of the digestion tank, from whence they may be withdrawn prior to 
dewatering. Rawn, Banta and Pomeroy have ably demonstrated that 
after good gas production, such solids can be withdrawn from the bot- 
tom of properly operated tanks following a 10-day digestion period.‘ 
Without considering at just what time in the digestion process the 
sludge can be elutriated and filtered to produce the best economies, the 
fact remains that sludge can be removed from a heated digestion cham- 
ber at any time, elutriated, coagulated with small amounts of ferric 
chloride and dewatered on a filter. Cameron shows that longer diges- 
tion periods are preferable at Springfield, Ohio,’ for treatment of 
sludge with ferric chloride and lime. 

With raw sludge that has been detained over hours and days the 
exact opposite holds true. Here the sludge becomes progressively 
more difficult to treat by chemical precipitation. Elutriation of raw 
sludge, Imhoff sludge, or partially and well digested sludge from heated 
digestion tanks, results in production of flocs that can be dewatered on 
modern vacuum filters with comparatively low coagulant additions. It 
should be noted that these conclusions are not drawn from exhaustive 
investigations made in Baltimore alone. A number of laboratory in- 
vestigations and some actual field tests made elsewhere in the United 
States, Canada and in the Ruhr District in Germany on various types 
of digested sludges show that elutriation produces results remarkably 
similar to those obtained in Baltimore. 

If sludge is to be incinerated, an elutriated digested sludge can be 
added to unelutriated primary raw sludge with considerable savings in 
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chemical consumption.’ This fact makes it possible to avoid digesting 
all of the sludge. The odor nuisance resulting from this practice is re- 
markably less than when treating raw sludge alone. 

The filter yield increases with the increase in solids in any sludge. 
Furthermore as the chemical consumption when using ferric salts and 
lime is largely a function of the amount of water and precipitating 
solutes present in the sludge, a material increase in the cost of chemical 
precipitation can be expected with an increase in sludge moisture. 
This is clearly shown in the Cameron report.’ As a result of this argu- 
ment it is logical to assume that the cost of chemical precipitation of 
sludges can be lessened by installing a settling or thickening tank after 
digestion. 

Keefer and Kratz reported on such pre-thickening of digested 
sludge in their exhaustive paper on sludge elutriation.’ However, with 
saltimore sludges it took 18 to 24 hours to settle the sludges from 
about 6 to 7 per cent solids and there was very little gained. 

Cameron recommends that a ‘‘fairly large storage tank for holding 
digested sludge be provided in addition to the digesters.’? The pur- 
poses of this tank are to divorce sludge filtration from sludge pumping, 
permit pre-thickening and insure a sludge of more uniform solid con- 
tent which is distinctly advantageous to chemical precipitation. 

The same size tank can be used for elutriation with very large sav- 
ings in resulting filtration costs. In fact considerably more sludge 
solids ean be elutriated in the same tank during the same time for the 
reason that after dilution, the solids settle several hundred times faster 
in this thin mixture than in the sludge drawn from a digestion tank. 
In a sludge drawn from a digestion tank the solids have already settled 
to approximately their closest spacing in a liquid of higher density than 
that resulting from elutriation. Elutriation also removes the adsorbed 
eases that otherwise render the solids lighter. 

Elutriation Costs and Savings.—The citation by Cameron of 
Keefer’s estimated costs of $2.25 per ton of sludge solids for chemicals, 
labor and power for elutriated sludges at Baltimore, applies only to 
single stage elutriation involving but two volumes of water to one of 
wet sludge. The estimate published by Keefer and Kratz in the Engi- 
veering News-Record for higher elutriation ratios shows a total op- 
erating cost for elutriation and filters, including all power, labor and 
coagulant of only $1.72 per ton of sludge solids.’ The estimated co- 
agulant cost is only 49 cents per ton, with ferric chloride at 214 cents 
per pound. This same economy can be obtained by using only three 
volumes of water to one of sludge in counter-current in two smaller 
tanks instead of one large tank.’ It therefore should not be overlooked 
that this estimate relates to sludge having only about 6 per cent solids 
initially, 7.e. a ratio of moisture to solids of almost 16 to 1. This cost 
of coagulant is almost 80 per cent lower than the July costs for ferric 
chloride and lime shown in the Springfield report for sludges having 
abnormally low moisture, #.e. a ratio of moisture to solids of only 4 or 
. to 1. 
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Savings in chemicals by elutriation will vary somewhat with the 
grade of water used. A water reasonably free from clay, ammoniacal 
compounds and bicarbonates produces the best results. For digested 
sludges in trickling filter plants, activated sludge or chemical precipita- 
tion, the final plant effluent is excellent. If the effluent from primary 
sedimentation is the only available water for elutriation, the savings in 
coagulant will still be very material although somewhat less than with 
the use of purer water. Remarkable savings in chemicals can also re. 
sult from properly elutriating raw sludge with water which is prac- 
tically free from disturbing compounds. However, due to the fact that 
elutriation can effect a reduction in the cost of heated digestion space. 
better total disposal economies result by adopting rapid sludge diges- 
tion and elutriation wherever vacuum filters are to be used. In plants 
employing vacuum filters the extra cost of an elutriation installation 
should be retired in 18 months by the resulting savings. 
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Operators’ Reports and Suggestions 
W. D. Hatrrevp 
219 Linden Place 
Decatur, Illinois 


GADGETS FROM INDIVIDUAL PLANTS 


In the past few issues of this Journal the winning gadgets from 
various section competitions have been reproduced. Mr. H. E. Rhodes, 
Supt. Sewage Treatment, Hagerstown, Md., is the first individual to 
respond to the request for gadgets direct to the editor. He writes, 
‘‘the only devices we have developed are probably not new or unique. 
Ilowever, at the request of Mr. Hall of our State Department of Health, 
we are forwarding them to you in hopes they may be of some help.’’ 
[ hope the rest of the operators, and superintendents will follow suit 
with those little things which they think are ‘‘not new or unique.’’ 

There is a part of this department which is still neglected and that 
is the OPERATING KINKS. Now that the gadgets are well started, 
how about your kinks. For example: 


Rock Dritters Or (Rare Seep Compounp) 

In 1930 the Deeatur District purchased a new duplex plunger type 
sludge pump (Rex) in which the plunger also acted as an oil reservoir 
for lubricating the packing. The recommended lubricant was an oil 
compounded with rape seed oil which causes the lubricant to emulsify 
with water and not float away without doing its work. This lubrication 
of the packing was so satisfactory that we have used it also on the 
Barnes type plunger pumps. [ach time the Barnes pumps are run 
some of the compounded oil is shot around the plunger from a large oil 
can. We find that our packing remains softer and lasts much longer. 
The Marlo pump also works on the same principal. Numerous plants 
about Illinois have concurred with us in the value of this oil. ‘‘Rock 
drillers oil’? made by most of the good oil companies contains from 10 
to 15 per cent rape seed oil and is quite satisfactory. There are other 
more expensive oils on the market containing 18 to 20 per cent rape 
seed oil. The cheaper oil seems to work satisfactorily, doubling the 
life of the packing. 

W. D. Hartrrevp 
VACUUM LIFT FOR FERRIC CHLORIDE 


H. E. Ruopes, Superintendent, Hagerstown, Md. 


This device was designed to elevate FeCl, solution to a height of 17 ft. so the solution 
could feed by gravity to the point of application. 

Since the solution is often handled quite hot we could not use a hard rubber pump. 
The other types of pump for handling this chemical were too costly, so it was decided to 
build a lift of our own design. The outfit illustrated in the sketch is the result of our 
endeavors. 
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How Ir Works 


To elevate the daily required FeCl, requires the services of two men about 15 minutes 
per day. Man 1 stationed at the keg handles the control valves while Man 2 stationed at 
the dissolving tank measures the volume of liquid withdrawn. When sufficient solution 
has been drawn up into the keg Man 1 acting at the command of Man 2 closes the vacuum 
valve and opens the drain eock. As soon as the keg is empty Man 1 closes the drain cock, 
opens the vacuum valve and calls to Man 2 and the procedure is repeated. It is neces- 
sary to fill and empty the keg four times in order to elevate solution equal to 150 pounds 
of anhydrous FeCl.,. 

The visible trap serves a double purpose. First, it washes the air (drawn from the 
keg to create a vacuum) of FeCl, thereby preventing these vapors entering the vacuum 
pump. Second, should Man 2 allow too much solution to be drawn into the keg, causing 
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it to overflow, Man 1 sees the trap beginning to fill and immediately closes the vacuum 
valve, thus no damage is done to the vacuum pump. 

at Vacuum for this purpose is created by the regular vacuum filtration equipment at no 
additional cost. 


en j 7 . J . . . . 
im This outfit has been in use for three years, in which time it was necessary to replace 
Ik the keg onee. 


The lift was designed and made at the plant at a cost of $11.00. 


d a 


WATER SEAL FOR SLUDGE AND SEWAGE PUMPS 
H. E. Ruopes, Superintendent, Hagerstown, Md. 


ig After having experienced much trouble due to grit in sewage and sludge eutting out 
packing and sleeves in our centrifugal pumps we designed this water seal. 
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How Ir Works 


By simple rearrangement of packing and lantern ring and connection to a high pres- 
sure clear water supply a perfect water seal is secured. Water from the high pressure 
supply creates pressure greater than that of the pump, thus foreing all grit, ete. down 
and away from the packing and sleeve into the pump. Clear water completely surrounds 
the packing sleeve at the lantern ring and jets through the narrow (.025 in.) opening. 

This device cost nothing yet has saved many packing sleeves. 

CREEK SAMPLER 
H. E. Ruopes, Superintendent, Hagerstown, Md. 


This device was built to enable more accurate sample collection of creek water for 
D.O. determination. With the sample bottle in its indicated position and the cover 
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clamped tightly in place, the operator grasps the tee end of the handle in one hand leav- 
ing the tube pass between his second and third finger and holds his thumb tightly over the 
air outlet hole. Since the sampler is weighted it will sink readily. Upon reaching the 
desired depth the operator removes his thumb, allowing air to be expelled and water to 
enter. As shown in sketch, water first enters the bottle, which upon filling overflows into 
the can. This overflow is of volume sufficient to change the water in the bottle about eight 
(8) times, thus assuring removal of all air. This outfit has been used four years with 
perfect satisfaction. It was designed and made at the plant at a cost of three dollars. 


EXCERPTS FROM REPORT ON OPERATION, GALESBURG, 
ILLINOIS, SANITARY DISTRICT, 
YEAR 1935 


L. W. Hunt, Chemist in Charge 
BrieF DESCRIPTION OF SEWAGE TREATMENT WORKS 


Bar Screens—Mechanically cleaned Dorreo bar screen with one-inch openings. 
Automatically operated by float controlled mereury switch. 

Sewage Pumps—tThree electrically driven centrifugal pumps, two of which have a 
capacity of 6 m.g.d., and the third of 4 m.g.d. Total lift approximately 28 ft. Elevate 
screened sewage to grit chamber. 

Detritor—Mechanically cleaned Dorreo traction type. Detention period one minute. 

Clarifiers —Two 55-ft. primary settling tanks, with mechanical sludge removal. Out- 
side water depth, 10 ft., 6 in. Dorrco traction type sludge thickener. 

Sprinkling Filter—One and one-tenth acres. Depth of crushed limestone, 6 ft. 
Hffluent discharges into small creek. 

Digestion Tanks.—Three tanks, 35 by 35 ft. by 17 ft. deep, equipped with Dorreo 
stirring mechanism. 

Sludge Drying Beds.—Six beds, 40 by 100 ft. each, equipped with industrial railroad. 

Estimated connected population, 25,000. 

The first part of this report will deal with the more important general observations 
as well as making comparisons with former years. This will be followed by data in 
more detail. 

Sewage Flow.—The total amount of sewage treated for the year 1935 amounted to 
1114 million gallons and compares with previous years as follows: 


Total Daily 
POR re ste Ait he OWA OR Day SMa ai 1114 M.G. 3.056 M.G. 
BR Ky ct heck gars oo aaa Bie te a Te Ta Nee oe 756 M.G. 2.069 M.G. 
PDOs alain ce cieieate ae os Ee ee Se ae ee ree ee 903 M.G. 2.483 M.G. 


The above data show that the amount of sewage treated in 1935 was 47% more than 
for 1934 and 23% more than for the year 1933. Total rainfall for the three years was 
as follows: 1935—42.44 in.; 1934—-40.24 in.; 1933—28.09 in. 

While the total for 1935 was but 2 in. more than for 1934, it was the distribution 
throughout the year which accounts for the increase in total sewage flow. During 1935 
there were six months where the total rainfall for the month amounted to more than 3 in., 
while for 1934 there were but four months when it exceeded this amount. 

On the basis of 25,000 connected population the 1935 flow represents a per capita 
flow of 122 gallons per day. 


MATERIALS REMOVED FROM SEWAGE BY TREATMENT PROCESS 


Screenings.—The coarse material such as rags, sticks, tin cans, fruit skins, ete., re- 
moved amounted to 1021 eu. ft. (38 truck loads) which was 150 eu. ft. more than for 1934. 
lhe comparison with former years follows: 
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19385 1934 1933 
1021 cu. ft. 871 cu. ft. 914 eu. ft. 


This represents an increase of 17% over 1934 and 12% over 1933. The screenings weivh 
approximately 65 lb. per cu. ft. when removed from screen house floor and on the dry 
basis 6 lb. per cu. ft. , 

Grit—A total of 5153 eu. ft. of grit was removed which consisted largely of sand 
and cinders. The removal compared with the two previous years follows: 


1935 19. , f 1933 
5153 cu. ft. 6278 eu. ft. 4403 eu. ft. 


The average moisture content in the grit was 24.5% and the volatile matter was 15°%, 
on the basis of an occasional analysis. 

Floating Material—The grease, oil and scum removed from the surface of the settling 
tanks amounted to 530 cu. ft. Removals of scum for the three years follow: 


1935 1934 1933 
530 cu. ft. 560 eu. ft. (44 en, it. 


Fine Sewage Solids.—673,966 pounds of fine sewage solids were removed by the 
settling tanks. Removals for the three years are as follows: 


1935 1934 1933 
673,966 lb. (dry) 736,658 Ib. 670,508 Ib. 


In terms of percentage, 1935 removal was 8.5% less than 1934 and 0.5% more than 1933. 
This represents a daily removal of 1818 lb. or 605 lb. per m.g. of sewage treated. 

Gas Produced.—5,137,700 cu. ft. of gas were produced by the digestion of the 673,960 
lb. of fine sewage solids removed by the settling tanks. The following table will show the 
comparison with other years: 


Daily Average 


RR ee ate ree ipa e eerie ety we As Tee ern ek 14,079 cu. ft. 
LOY Seer ae OE OE ar TaN So RE eS eed Re a 18,807 ecu. ft. 
BURR Thee ee pin A Seka oo assets ALE Oa eS Bb Slee OUR 13,864 cu. ft. 


Gas production was 25% lower than the previous year due to more storm flow which 
resulted in a weaker sewage and consequently a reduction in the amount of fine sewage 
solids in the sewage which received treatment. 

The per capita gas production was 0.56 cu. ft. per day and for 1934 it was 0.75 eu. ft. 
It was sufficient to supply all heating requirements, no additional fuel being purchased. 

Sludge Cake Removed From Drying Beds.-—922 cu. yds. of sludge cake were re- 
moved from the drying beds, 111 cu. yds. of which represented sludge withdrawn from the 
digestors in 1934. The year’s accumulation was 811 eu. yds., the average moisture con- 
tent as removed being 46.2%. Revenue from the sale of sludge as a soil conditioner was 
$23.25. The demand on the part of the public for sludge cake as a soil conditioner has 
not kept up with the supply; there being on hand approximately one year’s accumulation. 

Operating Costs——The total cost of operating the treatment plant was $20,886.55. 
This was 4.6% higher than 1934 and 2.7% higher than 1933. The cost per million gal- 
lons of sewage treated was $18.75 which was 29.0% lower than for 1934. This decrease 
in cost per m.g. was due to the larger volume of sewage treated, which amounted to ap- 
proximately 1.0 m.g. per day more than for 1934. The cost per capita per year on the 
basis of the district population of 29,000 was $0.72 and for 1934 was $0.688. 


Norres oN HyproGeEN SULPHIDE REMOVAL 


The three purifying boxes were recharged a total of five times. The west digestor 
was drained and out of service one month beginning the middle of June. After it was 
placed in service the hydrogen sulphide content of the gas from this digestor was ap- 
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preciably higher than from the others. The reason for this appears to have been due to 
the temperature approaching 100° F. on one or two occasions shortly after this digestor 
was placed in service. 

The cost of sulphide removal is shown by the following data based on gas treated by 
four charges: 


1935 1934 
ake ee REAP Ie OTT a Ss MET RNIE 99 cede oid ayroh a eyo) ess oot siaisiavaraud ewe ale. oe sheraiels sei sie 1,279,000 1,618,500 
RUGOGIs Gs Ite BOO DOP CUATEO 9116 )5'6 se 0.0 0)5 Ws wis wc ossle aia wlaie se ioreiec4 Siete es 20 20 
Ava. eran tips er OO CUS Ti. 5 PAW PAB oo! 5 oes aie eccre als 3 og 5clere ealeretare's 81.1 68.8 
Ave. grains: ta romUvea Mer 100 CUS 26. sie 6s 8 seis a ses ese eels 60.5 44.6 
Avg grainaubiats TEMOVEG POT OU SUONME ne. 6.055 0:6 0's ciciclew eo se eleine erties 38,370 36,092 
St Sed RO MUOU OE tin LOMO: o6ooe: 5 ore: ole) sin. 8 eo gye aon, seien' Gia «ola Sieieue ace ore 63,950 80,925 
Bu, iron sponge per million cu. £t. gas treated «2... ...6 ccc ccc ce cess 15.6 12.36 
Oost or Trentirens Wer IMwON CMe Teo. Siosisis aida e sie ees oe 54 eGe ee euw es $7.50 $6.80 


The cost of $7.50 per million eu. ft. of gas treated is based on the amount of gas 
treated by three changes of new sponge and one of the revivified or a total of four charges. 

The new sponge is figured at its cost to the District of $0.55 per bushel and the 
revivified at one half that of the new or $0.28 per bushel. 


COMBINED DIGESTOR OPERATION, 1935 


Total Solids Vol. Maiter 





Filbert che boo os are era arc ae ae ee ce err 270,411 98,137 
anaes AEN ear ak ao cay eect ole Seis teak tee aaa we wad gaia Rcodes 3,30¢ 26,635 
Pe IEPRMIENERS” (ono 5 clip exledts Reps cuyeek meld Dieta teh ete Ria dae ee a 49,373 30,114 

PPR MER fetes Hest Bb S SoS es rl av 88 ie ions use StgN ene we NS 44,547 22,287 

SPE OREAN msn Se Nebel tes hy teclinny sis: a farepere ee eabaTs: wide G Be eteraloye Mead euszee ss 48,780 28,159 
PNUD tl 1hewte oe Manic tois a plenevc Sustains Ciahehane.s Sw AME wat aie Bie tee 41,739 24,124 

Pe IRIN ot esre ee ai any ex chen cae Gea Ta Oe ine Wich Sse La AS BG oases 51,179 27,887 

Be A oer BOAR he SI SAS Gah MONO eda one wd eaw kaa Ueda 82,630 41,776 

dik N11 1, SORE Een gC SANA aL aa RE Are eee 63,570 38,931 

RESP SARE RSN IDOE: scds525 p's caves sentresialy, ar oMSiianal ss ecbriiiane obra sulesliobheSeeectucale 56,641 36,515 

CE PE ce ois. dns. 5, ks DAG a baie TONE ORNS TOSS ob ba eS 68,100 46,212 

Oo TRE LD SS Si tows 2 oat ih ta Bn erld ahd ed eva Sd Gates OIwS 53,820 32,965 

idee! L200 Os ae en a I aa OPO as Ore, 74,879 48,651 
949,022 502,393 

STR RD Coys Us, 1S 1 ee eee” 190,594 823010 


758,428 420,383 
UG MPOU RUSSO Li eloieis Sea valiis oly Miaka eh oh Son ease DAA Cele aa Dee anes 531,661 211,069 
PORN REMADE cg Seis aia alessio ca tase tds wi ave ara kaae Tabi el @ sas eiwiisla| « lavarcatentih Bras wieiels 226,767 209,314 
PVRS eT OU AICUNO TL PVE, RIOR <a hes cco. “oceuiegd sa ldoocausige aust male ep ayecdindes vielen 18,897 
EMU ANNUAEN Lat ES RIAD NMIEN 110.15 custic= > isis oe se Cen aioe) oi asta jals eelaww eels agen 56,551 
Ve erOMUCMOM aN TOtAl BONGS 525i Asc otisisg Ase cio aals Skies Rts 6 00a Gadi oeGieiele ae sRteuee 33.4% 
Ve MOMMCUIO MPI VOL TTMAUUOL «952006 6075 gi s-sarsa. ahs) dis dce.se 0 BWINa wiwlereds Sine boy atemiargle ss) wr aYals 52.2% 
UUs Cts PAA Gr lO. VOlseM AUS AOUGUO 5-15 'o le. cs:6.5: 5.4 0rellere-ona eb ¥: ol duereuctwls, wluye,Gecesecelouerewsinye tes 12.7 
ACS Sti AS OND), VOls MU AEOSEE OY OU 5:4 5:62) 0. < oie o eellerave Sane Wide evel iecese bisialsisiel note lalate) eleieias 24.5 
Ba, aOR GIT A IRIE io) Oia ave oes oe Oe SSA Se ens a Rlaels wee ee nets (ee: 
VG VOL AUGOE: DEL MAAN SURAIER) e306 ds, coca evar wm 5rm1e 90.0% W onelnl 0 Slia Sed. ii oa erase Wie eee were 59.6 
BVIs yp SOMUU CIM ONG EN TOU: BIE: ay6)5-c1e. 5 0c ow 05 6-6 ons aye hws tors 8 Spaterea dis.4.ay el elelelsys @eiciers 13.9 
BNE, To, Ole ANADLOr A OIG CRLCR BINGO 05:6 02 o) sin ose: 5c. 6is-0 See 640520!) 9h eue ¥i0ei0. Bon Syocaleye ere 39.7 


Peary EARS AMOR IESG ela os cos ak aie a ole >) oof ls aks 5) «we isve. us ort ce'elm wine eiwieum saree setts selene 82° F. 
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SPRINKLING Fitter Erricrency, 1935 








; l l 
Avg. Daily | 5 Day B.O.D., P.P.M.| Lb. B.O.D. | Per cent Re- 











Flow, ————__-—_———_ | Per Acre | duction 5 Day 
M.G.D. Clar. | Eff. | Per Day B.O.D. 
TERN ert ia: 6. 3.261 77 36 | 1895 53.2 
OTL a 3.162 75 | 34 1791 54.7 
USS ee sis 2.840 (est 42 20 901 52.4 
UMN rt CS aS ei. 7 2.470 (est 51 25 950 51.0 
a 1.000(est 53 | 30 400 43.4 
ON) ee 1.820 (est 51 23 700 54.9 
RES A 3.298 65 24 1619 63.1 
— 2.615 109 35 | 2151 | 67.8 
September.......... - 2.284 125 37) 2155 | 70.4 
(lt. eae 2.120 147 39 2351 73.5 
November.......... , 3.897 67 24 1970 64.2 
December......... ee 3.612 103 29 2807 71.8 
5) (Oa re 2.698 80 30 1641 | 60.0 
JOD A ee 2.069 130 43 1944 | 66.5 
1933 Avg....... 2.483 100 | 1774 | 598 


Nore: During the months of March, April, May and June all of the sewage which re- 
ceived primary treatment was not passed through the filter. The lower filter efficiency is due 
principally to the lower B.O.D. of the settled sewage. 

During the months of May, June, July and August the suspended matter in the filter 
effluent exceeded that of the settled sewage. This prolonged ‘‘unloading’’ period demonstrates 
the need for secondary settling. 

The top stone of the bed was hand ‘‘picked’’ during the first week of February to relieve 


ponding. 








Editorial 


A TOAST TO THE FEDERATION 


This issue is dedicated primarily to the Federation, for it contains 
the report of the research committee, the minutes of the annual meet- 
ing, the annual report of the secretary-treasurer, a list of members and 
subseribers, and the roster of officers of local associations. These re- 
ports should be of unique interest to all readers of THis JouRNAL, par- 
ticularly those who helped in the organization of the Federation nearly 
ten years ago. Who then would have dared to predict that we would 
have a membership of more than 2,000 and nearly 2,500 subscribers to 
the Journan in 1936? A reference to correspondence with Mr. Buffum 
in 1928 reveals that a hopeful estimate of 1,000 subscribers was sub- 
mitted to him as the approximate limit of the field of circulation of the 
projected journal. 

The growth of subscribers during 1936 was particularly gratifying, 
increasing from 2,063 in 1935 to 2,459 in 1936, an increase of 396 as com- 
pared with an increase of 233 during the preceding year. One of the 
most pleasing features of the 1936 growth was the foreign increase, as 
follows: Argentina, 33 new affiliates, thanks mainly to our good friend 
Ki. B. Besselievre; England, an increase from 118 in 1935 to 145 in 1936 
in our two English affiliates, thanks largely to Mr. John Garner, the 
able President of the Institute of Sewage Purification; in addition there 
are 17 subseribers in England. The surprisingly large total of 162 for 
Knegland creates a feeling in the Editor’s mind that he must improve 
the Journat, wherever possible, to retain the interest and subscriptions 
of these Enelish friends. 

Our new American affiliates are also weleome—Dakota, Georgia, 
and Rocky Mountain Associations. The remarkable growth of the 
New York Association from 321 in 1935 to 423 in 1936 is noteworthy. 
Increases in membership of existing associations are essential for fu- 
ture growth, since the U. S. is almost completely covered now by the 
21 associations. Possibly the Canadian Institute can organize one or 
more additional associations west of Ontario. Foreign affiliates are 
still possible in Germany, Russia, Japan, and Australia. 

Since the tenth anniversary of the founding of the Federation will 
occur in October, 1938, a suitable commemorative celebration has been 
discussed for some time by the Executive Committee and a special com- 
iuittee appointed by President Emerson. After considerable corre- 
spondence followed by a lengthy discussion at the annual meeting in 
January, it has been decided to issue a commemorative book rather 
than to plan for a meeting, and accordingly plans are under way for 
preparation of the material. We hope to announce the plans in the 
next issue. This book will be a suitable commemoration of the fruition 
of ten years’ development of the Federation, which has grown so far 
beyond the original estimates of its founders. 

Although we have had such a phenomenal growth, the future of the 
Federation and Journau is not guaranteed unless the members and 
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subscribers maintain their interest and support of the JournaL. For 
years the Journau has been sent to members of the Federation for a 
very small sum, made possible by the support of the Chemical Founda- 
tion and our advertisers, and the low overhead as compared with some 
technical journals. We are now almost self-supporting and Mr. But- 
fum wishes to be relieved of his ten-year stewardship; he is certainly 
entitled to this relief, with the most sincere thanks of all members of 
the Federation for his splendid support of the business affairs of the 
JourNAL. However, the problem of finding his successor will introduce 
increased financial responsibilities, and the committee which is now 
trying to work out this problem will need the support of all members. 

When we consider the growth and present standing of the Federa- 
tion, it seems clear that the plans of its founders were sound. More 
than a year was spent in discussion of the best procedure, following the 
organization meeting at the Sherman House in Chicago, during the 
meeting of the American Water Works Association June 10, 1927. 
Charles A. Emerson, Jr. was appointed Chairman of the Organization 
Committee and he selected a committee consisting of H. P. Eddy, 
George W. Fuller, John H. Gregory, F. W. Mohlman, and Langdon 
Pearse, to head a Committee of One Hundred, selected from all parts 
of the United States. 

After discussion during the next eight months, a meeting was ealled 
by Chairman Emerson at Trenton, N. J., March 23, 1928. Sub-com- 
mittees were appointed, the Editor was elected, and an intensive search 
for a publisher began. Just then a fortuitous event occurred. Mr. 
Buffum, at the meeting of the American Chemical Society in St. Louis 
on April 18, 1928, asked Dr. Rudolfs if he knew of any worthy chemical 
project which might be supported by the Chemical Foundation. Dr. 
Rudolfs immediately broached the subject of the publication of a sew- 
age works journal, and arranged for a conference with the writer, just 
elected Editor (in search of a publisher). Mr. Buffum was quite in- 
terested, and offered to underwrite the journal, in a letter to Mr. 
Kmerson May 11, 1928. His offer was so unrestricted and liberal that 
it was accepted at once. He probably little realized that he was ac- 
cepting such a long-term obligation. 

Many others helped mightily in getting the new federation and the 
new journal launched. Mr. Streeter was responsible for the constitu- 
tion and by-laws, Mr. Downes was chairman of the publication commit- 
tee, and Mr. Orchard was the man who started the advertising ball 
rolling. 

Now, after ten years, we can look back on this decade as the most 
momentous and progressive in the entire history of sewage disposal. 
How fortunate it is that the Federation and Journat have spanned this 
outstanding period! We can look forward to even more interesting 
developments during the next decade. 

Let us make our ten-year anniversary volume the expression of our 
gratification for what we have accomplished and a prophecy of what the 
future holds in development of the science of sewage treatment. 


F. W. M. 
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NEW YORK STATE SEWAGE WORKS ASSOCIATION 


Ninth Annual Meeting 
New York City, January 21 to 23, 1937 


The Ninth Annual Meeting of the New York State Sewage Works 
Association was held in New York City January 21 to 23, 1937, with 
headquarters at the Hotel McAlpin. Three hundred members and 
cuests were registered, the largest in the history of the Association. 

Charles McBreen (Orangeburg), KE. J. Kileawley (Troy), and N. L. 
Nussbaumer (Buffalo) were elected to the Executive Committee for a 
period of three years. Charles C. Agar of Albany was elected presi- 
dent and Fred J. Biele of Huntington vice-president. A. S. Bedell, 
State Department of Health, Albany, N. Y., was reappointed secretary- 
treasurer. 

The program was arranged so that the members of the Sewage 
Works Association were able to attend all the Thursday sessions of the 
Sanitary Engineering Division of the A. S. C. EK. And in like manner 
the members of the A. S. C. E. attended the technical sessions of the 
N. Y. 8S. S. W. A. on Friday and the joint inspection trip on Saturday. 

Following the technical sessions of the A. 8S. C. EK. on Thursday, the 
two groups gathered for a joint dinner, at which George Gascoigne of 
Cleveland, Ohio, gave an illustrated talk on sewage treatment at Cleve- 
land. 

At the general business meeting on Friday, it was noted that the 
Association now had a membership of 486 and that the Long Island 
Section had a membership of 76 and was a very active group. 

A resolution with reference to pending Federal legislation on stream 
pollution control was unanimously adopted. 

At the technical session in the morning a paper by Milton Spiegel 
on ‘* Oxygen Utilization by Activated Sludge ”’ aroused considerable 
interest and discussion. 

At the luncheon on Friday a roll call of the affiliates of the Federa- 
tion of Sewage Works Associations revealed that representatives of 13 
local associations were present, including the far west, the middJe west, 
Canada and the Argentine Republic. 

Following this President Linn H. Enslow presented the Kenneth 
Allen Memorial Awards for 1936 to Anthony J. Fischer of New York 
City for the most meritorious paper of a technical and research nature, 
and to C. George Andersen of Rockville Centre for the best paper on 
sewage plant operation presented during the year. Professor Charles 
Gilman Hyde of the University of California was the principal speaker 
at the luncheon and gave a most interesting talk on ‘‘ Developments in 
Sewage Treatment During the Past Year.’’ At the afternoon session 
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Professor C. L. Walker of Cornell University presented a paper on the 
‘‘Kiffect of Activated Carbon on Sludge Digestion,’’ and Professor 
William L. Malcolm, Queens University, Kingston, Ontario, Canada, 
presented a paper on ‘‘Studies in the Digestion of Ground Garbage.”’ 
These two papers were followed by papers on the ‘‘ Progress in Sewage 
Treatment for New York City,’’ by Richard H. Gould, Chief Engineer, 
Department of Sanitation, and ‘‘Preliminary Operations of the Coney 
Island Sewage Treatment Plant,’’? by Wellington Donaldson, Sanitary 
Engineer, Department of Sanitation, New York City. 

On Saturday through the courtesy of Deputy Commissioner W. )). 
Binger, Department of Sanitation, New York City, a joint inspection 
trip was enjoyed by some 200 persons to the Coney Island sewage treat- 
ment plant of New York City. <A cavaleade of 54 city and private cars 
afforded comfortable transportation. 

The spring meeting of the Association will be held at Utica, N. Y., 
June 4 and 5, at which manufacturers’ exhibits will be displayed. 

A. S. Brpett, 
Secretary 
ResoLtution Unantmousty Apoprep at ANNUAL Mretine Heup at New 
York City January 22, 1937 

Whereas, it is now apparent that proposed Federal legislation will 
be presented to Congress looking toward the creation of a new Federal 
agency for the promotion of public health, and 

Whereas, it is also apparent that this proposed Federal legislation 
will be presented from various points of view, 

Therefore, Be It Resolved, That the New York State Sewage Works 
Association herewith adopt a policy to support such properly formu- 
lated legislation as will co-operate with existing State Boards of Health 
and other state agencies and will supplement their scope of activities 
rather than tend to nullify these state agencies and restrict their scope 
and that the Executive Committee be instructed to keep themselves well 
informed of the introduction and progress of such Federal legislation 
and to act as the agent of this Association in promoting such well 
formulated Federal legislation as is consistent with the above stated 
policy, and, furthermore, that the Executive Committee be authorized 
to represent the Association by resolution, by contact with Federal 
authorities and legislators, by appearance at public hearings, or by 
other means at its disposal. 
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FEDERATION OF SEWAGE WORKS ASSOCIATIONS 


MINUTES OF THE ANNUAL MEETING OF THE 
BOARD OF CONTROL 


The Annual Meeting of the Board of Control of the Federation of 
Sewage Works Associations was held at the Engineers’ Club, 32 West 
40th Street, New York City, on Friday evening, January 22, 1937. 

Chairman Emerson presided at the business meeting which con- 
vened immediately following a dinner attended by all members of the 
Board present. In the absence of H. E. Moses, Secretary-Treas- 
urer, the Chairman appointed F. W. Gilcreas, Secretary Pro Tem. 
The roll eall indicated the following to be present in person: 


Name Representing 
H. G. Baity ...............+.+......North Carolina Sewage Works Association 
Wim. W. Buia: sacs ao sone dos Member at Large 
Morris M. Cohn ....................New York State Sewage Works Association 
Cy Jao eM OLBON UTS Ciciis k Gomis aa Pennsylvania Sewage Works Association 
aN EY INSIOW oo ewe alceeed-0 bake abs New York State Sewage Works Association 
is IOS IEG 513s sae NRA eRe California Sewage Works Association 
5 By eg Cie) A California Sewage Works Association 
Charles Gilman Hyde ...............Member at Large 
AT CUE re) EIMLOR = ey csitalehene aiwdiy mesierere ache Federal Sewage Research Association 
By WW cs SUL PRUAML PANE lots Csa,'-o. Wid, oa cai brattonenece Editor 
Harle By Phelps: 6.5 sin cies soto ss Member at: Large 
Wm. M. Piatt ................-..... North Carolina Sewage Works Association 
Willett HRROOIES: <eoists-so a oS en aS. New Jersey Sewage Conference 
WAPIC Wi. WW AGCTINAIN to) 56 36. Saas pies tale rs lowa Wastes Disposal Association 


Present in person, acting as proxy: 


Name Representing 
\. S. Bedell 
(CLOPTE G, SPOWRO)) soars d ing SSataO RN Ohio Sewage Works Conference Group 
John H. Brooks, Jr. 
(fOr Aw DD WESTON) sie are crsdnccactartie New England Sewage Works Association 
I, W. Gilcreas 
(for R. W. Van Kleeck) ..........New England Sewage Works Association 


Guy E. Griffin 


(for Harry R. Hall) ..............Maryland-Delaware Water and Sewerage Ass’n 
H. S. Hutton 
(for W. J. Orchard) ..............Member at Large 


Dana E, Kepner 


EOE pr. ORDONNO)): 6 ised 223 Slaiwller ets Rocky Mountain Sewage Works Association 
FE, W. Mohlman 

(ROP AS We StROBUE!) © seisesaiaais satis Federal Sewage Research Association 
R. R. Ribal 

(for Harnest Boyce). «0.6.00 666.0% Kansas Water and Sewage Works Association 


W. H. Wier 
(for Garrett Davis and Gilbert R. 
THAD) ok fe corer oiarievey ees is sienerevona Glee cesar Georgia Water Works and Sewage Operators’ 
Association 
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The following were represented by proxy: 


Name Representing 
MERI ONEII ore Ae sciu bim cs als wleteiels wise tee The Institute of Sewage Purification (England) 
REDS MEREENOW. 5k< cicisu ded o's a'e1ss ess ow Oklahoma Water and Sewage Conference 
VG SR ES Sr es. Sewage Division, Texas Section, S. W. W. A. 
chy LE. Cols” Ea ene eran The Institute of Sewage Purification (England 
PAS WMO PRRMIRINLDED 5.65615 ig 6:5 4.5. 5.5 ete ee veis-o0 The Institution of Sanitary Engineers—( England 
SPU AN EEINENSS is ois iv lb diesels eo veis'a we Pacific Northwest Sewage Works Association 
RMR RSIREDR oo its als vid 4, llo 2G) 4 ideo wie Pacific Northwest Sewage Works Association 
Us ise te CUO 1S a Rocky Mountain Sewage Works Association 
PARC LOMITA oc oo ecu oss ce need owas Arizona Sewage Works Association 
Herbert A. Olson ...................Michigan Sewage Works Association 
James R. Rumsey ..................Michigan Sewage Works Association 
BORNE AMAVAI oe wines sesiee ccd cad \rizona Sewage Works Association 
US Yo oe ee oe Iowa Wastes Disposal Association 
CT a DR 01 | Fl eae Kansas Water and Sewage Works Association 


In the absence of the Secretary-Treasurer, his report was not 
presented. 

Business Manager Buffum reported that the cireulation of the 
JOURNAL was 2,459 during the year 1936. Of this total, 2,042 copies 
were to members of local associations, 375 to non-member subscribers, 
both in the United States and in foreign countries, and 42 were for 
gratis and exchange subscriptions. This is an increase of 396 over 
the previous year. Mr. Buffum also reported that the advertising 
income for the year 1936 amounted to $5,762.89 as compared with 
$5,483.28 for 1935. Mr. Buffum further stated that the Federation 
started exactly even at the beginning of the year, and the record of 
operation for 1936 shows that we came within $228.04 of splitting even. 

Dr. F. W. Mohlman, Editor of the JournaL, presented an informal 
report stating that he had no suggested changes or innovations to rec- 
ommend for the coming year. He stated that a possible reduction in 
the cost of the JournaL could be made by restricting the use of tables 
and diagrams in individual articles. 

Chairman Emerson reported for the Membership Committee that 
two new associations had affiliated with the Federation, namely, the 
Rocky Mountain Sewage Works Association and the Dakota Water and 
Sewage Works Conference, but that there had been no further develop- 
ments regarding the organization of an affiliated association in Russia. 

Chairman Miller of the Publications Committee stated that he had 
no report to present. 

Chairman Hyde of the Coordination Committee reported on the 
observance of the Tenth Anniversary of the organization of Sewage 
Works Associations, and presented for consideration the following 
points: 

1. That there should be a suitable celebration of this Anniversary. 

2. That this might take the form of a special two-three day national 
meeting, or 

3. That it might take the form of a joint meeting with the Amer- 
ican Society of Civil Engineers and the American Public Health Asso- 
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ciation in New York City in January with groups from every local 
association participating. 

Mr. Hyde stated that although not included in the formal report 
of his committee, it had been suggested that the publication of a special 
book or manual on sewage practice would provide a fitting observance 
of this Anniversary. 

Professor Phelps, Chairman of the Research Committee, stated that 
his report would appear in the March issue of the Sewace Works 
J OURNAL. 

Mr. Piatt reported for the Finance Committee that there had been 
some progress toward obtaining additional advertising for the JourRNAL. 

Upon suitable motion, all reports were accepted. 

Plans for observance of the Tenth Anniversary were discussed 
generally. It was felt that financial and other difficulties would inter- 
fere with the holding of a general convention during 1938. Chairman 
Hmerson reported that the Executive Committee of the Board of Con- 
trol favored the publication of an Anniversary volume. After con- 
siderable discussion it became evident that the consensus was in favor 
of the Anniversary volume containing no advertising and to be sold at 
slightly over cost. 


New Bustness 


The report of the special committee on the revision of the Constitu- 
tion and By-Laws was presented, read and discussed by sections and 
adopted unanimously on roll call with an order that it be printed in 
Sewace Works Journat and reprinted for future reference. 

It was duly voted that the Federation should issue a special volume 
about October, 1938, marking its Tenth Anniversary, and the Chairman 
was authorized to appoint a Chairman and such members of a com- 
mittee as might be necessary to carry out this purpose and, with the 
consent of the Executive Committee, to authorize the necessary expen- 
ditures for the preliminary work of this committee. It was also deter- 
mined that contributors to the volume should receive no compensation 
hut should be given due credit for their work. 

A resolution was presented from the Central States Sewage Works 
Association requesting the Federation to initiate a revision of the 
standard nomenclature for sewage and sewage treatment, originally 
prepared by Kenneth Allen and adopted by the American Public Health 
Association and the American Society of Civil Engineers. 

After discussion as to best methods of procedure, Professor Phelps 
moved that the Chairman be authorized to consult with proper officers 
of the American Public Health Association and the American Society 
of Civil Engineers relative to formation of a joint committee to pro- 
ceed with the revision of standard nomenclature for sewage and sewage 
treatment and that he appoint our representatives on such committee. 
Motion was seconded and passed. 

Mr. Enslow suggested the need for a 20 per cent increase in adver- 
tisine rates for the JournaL. It was voted to instruct the Business 
Manager to determine, suitable action in this matter. 
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It was moved, seconded and voted that the Editor of the Journau 
be authorized to submit bills for necessary office expenses to the Busi- 
ness Manager for payment. 

Mr. Buffum suggested the appointment of a new Business Manager, 
stating that he had served for ten years and felt that he would like to 
be relieved of the duties of the position. It was moved and seconded 
that a committee be appointed to consider the selection of a new Busi- 
ness Manager and to report at the next Annual Meeting. This motion 
was amended to read that the committee should report by June 30. 
The motion passed as amended. 

Chairman Emerson suggested that if there was sufficient demand 
for inclusion of papers appearing in the Sewace Works Journat, the 
editors of The Industrial Arts Index would probably be glad to include 
that Journatw in those indexed. 


ELECTION OF OFFICERS 


The Board proceeded to the election of officers and committees for 
the ensuing year. It was moved and seconded to nominate all eligible 
present officers, members at large, and committee members whose terms 
expired at this meeting. This motion was passed unanimously and the 
Secretary Pro Tem. was instructed to cast one ballot for the election of 
the following: 

Officers 
Chairman, C. A. Emerson, Jr., New York 
Vice-Chairman, Linn H. Enslow, New York 
Business Manager, Wm. W. Butfum, New York 


Members at Large 
Wm. W. Buffum, New York City 
H. W. Streeter, Cincinnati, Ohio 
Wm. J. Orchard, Newark, N. J. 
Chas. Gilman Hyde, Berkeley, Cal. 
KHarle B. Phelps, New York City 


Executive Committee 
C. A. Emerson, Jr., Chairman 
Linn H. Enslow 
H. KE. Moses, ex officio 
Wm. W. Buffum 
Wm. J. Orchard 


Constitutional Committees 
Membership 
H. W. Streeter, Federal, Chairman 
A. K. Berry, Canada 
t. I. Fuhrman, Missouri 
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Publication 


A. P. Miller, Federal, Chairman 
Earle L. Waterman, Iowa 
Arthur D. Weston, New England 
W. W. DeBerard, Central States 
F. W. MohlIman, ex officio 


Special Committees 
Research 
Karle B. Phelps, New York, Chairman, 
Finance 
Wim. M. Piatt, North Carolina, Chairman 
Observance of 10th Anniversary 
Chairman to be appointed 


There being no further business, the meetine adjourned at 10:30 
P.M. 
Respectfully submitted, 
IK. W. Giicreas, 
Secretary Pro Tem. 


REPORT OF SECRETARY-TREASURER, FEDERATION 
OF SEWAGE WORKS ASSOCIATIONS, FOR THE 
YEAR ENDING DECEMBER 31, 1936 


The total number of affiliates in the Federation has reached twenty- 
five; one in Canada, two in England, one in Argentina and twenty-one 
in the United States. This is an increase of four over last year and 
includes the Georgia and Argentina groups, admitted at the 1936 Board 
meeting with a membership of nineteen and thirty-three, respectively, 
and two new associations affiliating during 1936, having been approved 
by the Board by means of letter ballot. These two groups are Rocky 
\lountain Sewage Works Association, with seven members, and Dakota 
Water and Sewage Works Conference admitted in December and com- 
prising a North and South Dakota Section respectively. Both groups 
have made a good start and a healthy growth is anticipated. 

With these additions, affiliates are now to be found in 30 of the 48 
states, which states have an aggregate population of nearly 95 million, 
or 77 per cent of the entire population of the United States. In addi- 
tion, there are the group in Canada, the two groups in England, and 
one in Argentina. 

The gross membership of the twenty-five affiliates is 2073. With 
43 dual memberships deducted, the net total is 2030; as compared with 
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1667 one year ago, a net increase of 363. The corresponding figure for 
the preceding vear was 199. Membership details appear in the ana- 
lytical summary next following: 


Gross | Did 
aos New | 
(esrnea | Dual | New | not | 
Mem’s’p| Mems. | Mems. | Renew | 
and Rein- | Sub. 


statem’ts 1936 | Iner. | Deer 


| Membershi 


Arizona S. Wks. Ass’n................. 8 ‘ | 11 = 8 








California S. Wks. Ass’n............. 222 2 SD 24 31 
Cent. States S. Wks. Ass’n.... eo 228 3 64 15 49 
Dakota W. & S. Wks. Conf. (New).... (Membership begins with 1937) 
Federal S. Research Ass’n.......... ae 52 11 6 ) 
Ga. W. W. & Sew. Opers. Ass’n (New). 19 19 o= 19 
Iowa Wastes Disp. Ass’n........... Ps 45 17 9 8 | 
Kansas W. & S. Wks. Ass’n Pee 40 1 21 6 15 
Md.-Del. W. & S. Ass’n.............. 31 1 6 4 2 
Michigan 8. Wks. Ass’n.......... ee 89 18 14 + 
Missouri W. & S. Conf. Rees ees te 90 59 22 37 
New England S. Wks. Ass’n........ or 146 6 32 21 11 
New Jersey Sew. Conf. Group. . ots 57 cf 6 I 
Ny rstes. Wks, Ass’n........... : 123 17 131 35 96 
N. Carolina S. Wks. Ass’n........... ; 57 5 22 — 17 
Ohio 8S. Wks. Conf. Group ror 99 15 8 7 
Oklahoma W. & S. Conf............. ] - 1 - l 
Pacific N. W. S. Wks. Ass’n.......... 36 15 11 4 
Pennsylvania S. Wks. Ass’n............ 168 12 36 19 | 17 
Rocky Mt. Sew. Wks. Ass’n (New)...... 7 - 7 _ 7 
San. Engr. Div. of the Arg. Society of 
OO. (7 ee 33 33 ~— 33 
Sew. Div.-Tex. Sec.S. W. W. A......... 10 2 3 l 
Can. Inst. on Sew. & San.............. 67 l 7 4 3 - 
Inst. of Sew. Purif.—Eng............... 91 28 8 20 
Inst’n of San. Engrs.—Eng............ 54 - 6 3 3 ~ 
2073 | 483 597 252 | 372 27 
43 | | | | -27 





345 Gr. Incr. 





2030 Net Mem’s’p 





The summary shows a total of 597 new members and reinstatements. 
At the same time 252 former members did not renew their member- 
ships. Despite that fact the table shows an increase of 345 members, 
of whom 59 are chargeable to the new affiliates. 

Annual dues of members are received by the Secretary-Treasurer, 
recorded and transmitted to the Business Manager. The past year 
these amounted to $1,824.50. These are distributed as indicated in the 
table on page 311. 

The petty cash accounts of the Secretary-Treasurer relate chiefly 
to purchase of stamps and miscellaneous office expenses, amounting to 
$30.40 during the past year. 
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l 
1935 | 1936 1937 Total | Refund 
Arizona 8, Wks. Ass'n... ........2.0.000000e: | $ ls $ 3.00) $ $ 3.00/$ 
CaTROIMIn IS: WKS: ASHNY ie cin ba wane ween | 10.00 | 219.00 | 229.00 3.00 
Cent. SURteS 1S: WKS) ASS. so... sete oa sade 1.50} 228.00] 7.00} 237.00 4.00 
Dakota W. & S. Wis. Conf.................... (New) ¢ | 
POG GTAE SS. FRROSCHTCH ASS 10.5. :<. 63.5 scckeis 6 sce eieceecns ai |  §2.00 52.00 
Ga. 'W. We Sew: Opers:. Ass'n. 2.0.6... c ce. | 19.00 | 19.00 
Iowa Wastes Disp. Ass’n...............000000- | 2.00} 22.00 | 24.00 
KANSAS: WW. Go05: WKS ASOT ..< 5. i cise sae eds | 41.00 41.00 1.00 
MAHDEL Woe 8. ASSIS oc csyn sea ceieeswGeaaee | 31.00 31.00 1.00 
Michigan 8. Wks. Ass’n.................000005] 90.00 90.00 1.00 
WMASROOTT IN MOODY. <i bias ee eeane Ss | (Paid dues direct to Mr. Buffum) 
New Hngiand S, Wks. Ass’n. .....2.....5 000005. | 141.50 | | 141.50 1.00 
New Jersey mew. Cont. Gr. 6.6 id See eee os ois | 56.25 | 1.50| 57.75 
Ne VAStale Ss WEBS ABO occa Seek wae was | 3.00} 407.00 | 411.00 1.00 
I, ee WI I, ioe oe esc ese | 49.00 | 49.00 
Ohio S. Wks. Conf. Group..................05. | 98.00 | 98.00 
Overs ta Gare g ope C0) | ie 00 | 1.00 
Pacific N. W. S. WES CASA 2 20 8cbe ale acard eards. Saye 8 | ha 1id dues direct to es Buffum) 
Pennsylvania S. Wks: Ass'n)... 6 ence cece | 165.00 | 50 | 166.50 9.00 
Rocky Mt. Sew. Wks. Ass'n. ................-. | 3.50 | in | 14.00 
San. Engr. Div. of the Arg. Society of Engrs... . .| | 57.75 | 657.75 
a ae A re | 10.00 | | 10.00 
GORE DC RR US OAR al: nn ra | 92.00 | | 92.00 
PSU SOW. UTR ENS oy 525 Sigic spa tears Sie vie eevee (Paid dues direct to Mr. Buffum) 
Inst’n of San:.ngr:—Bng.. 2c. ce. es ee eh sa a ee 
| 
*N. Y., 1934, $1.00 | $16. 50. 131786. 00 ($21 -00_ 1$1824. 50. | 8214 00° 





On five separate occasions the Secretary-Treasurer, at the instance 
of the Chairman, cireularized the members of the Board on matters 
pertaining to the business of the Federation. These comprise letter 
ballots relative to approval of the two new affiliates, request for pos- 
sible advertisers in Sewace Works JourNnat, questionnaire as to the 
Mederation’s Tenth Anniversary, and proposed Revision of the Con- 
stitution and By-Laws. 

The Secretaries were circularized in addition to the ordinary routine 
matters with a request to ascertain the reaction of affiliate officers to 
the proposed increase of annual dues, and also asked to forward mate- 
rial for Dr. Hatfield’s use in the new section of Spewack Works JouRNAL 
Operators’ Reports and Suggestions. This latter request was also 
sent to all State Sanitary Engineers throughout the United States. 

If one may judge from widespread correspondence both here and 
abroad, as well as by personal contact with interested men, the Federa- 
tion is viewed with general approval and looked upon as a valuable 
agency in the field of sewage treatment. The Szewace Works JourRNAL 
continues to receive the well-merited approval of those interested in 
this line of endeavor. 

H. E. Mosss, 
Secretary-Treasurer 
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FEDERATION OF SEWAGE WORKS ASSOCIATIONS 
CONSTITUTION AND BY-LAWS 


As Revised January 22, 1937 


Constitution 
ARTICLE I 
NAME 


The name of this organization shall be the Federation of Sewage Works Associations, 
hereinafter designated as the Federation. 


ARTICLE II 
OBJECTIVES 


The objects of this Federation shall be: 

Section 1. The advancement of fundamental and practical knowledge concerning 
the nature, collection, treatment and disposal of sewage and industrial wastes, and the de 
sign, construction, operation and management of sewage works, through the correlation 
and strengthening of local, state and district sewage works associations, and the publica 
tion of a journal designed to meet the needs of persons active or interested in these fields 
of endeavor. 

Secrion 2. The promotion and encouragement of improved waterways sanitation, 
through the same measures. 

ARTICLE ITI 
MEMBERSHIP 


The membership of the Federation shall consist of local, state and district associa- 
tions or conferences, either within or without the territory of the United States, herein 
after designated as Member Associations, whose objectives and eonstitutions are in 
harmony with the purposes of this Federation, subject to the conditions and limitations 
prescribed in the By-Laws of the Federation. 


ARTICLE IV 
ORGANIZATION 

Srecron 1. The affairs of the Federation shall be conducted by a Board of Control 
(hereinafter designated as the Board), under such rules as the Board may determine, 
subject to the specifie conditions of this Constitution and By-Laws. 

Section 2. The officers of the Federation shall consist of a Chairman, a Vice-Chair- 
man, a Secretary-Treasurer and an Editor, to be selected and to serve under conditions 
as provided in the By-Laws. 

ARTICLE V 
AMENDMENTS 

Amendments to this Constitution may be made by a two-thirds vote of the total 
membership of the Board, notice and text of all proposed amendments having been sub- 
mitted to the member associations not less than sixty days prior to the meeting at which 
the said amendments are to be voted upon. 


By-Laws 
ARTICLE I 
Secton 1. Any loeal, state or district sewage works association or conference, or 
* bl 
other organization whose objectives and constitution are in harmony with those of the 
Federation may be granted membership in the Federation by a majority vote of the 























Vol. 9, No. 2 FEDERATION OF SEWAGE WORKS ASSOCIATIONS 313 





Board; provided that the constitution of the applicant association or conference has been 
examined and certified by the Board as being in aecord with Article III of the Constitu- 
tion of this Federation; and provided, further, that certification shall be made by the 
association seeking admission to membership that the constitution and By-Laws of the 
Federation are accepted by it. 

Section 2. Any member association may withdraw from this Federation at the end 
of any fiseal year by giving three months notice of such intention, provided that the dues 
of such member association in the Federation are fully paid up to the time of withdrawal. 
The member association thus withdrawing shall be entitled to its proportion of any 
surplus in the treasury, as determined by the proportion of the number of its active 
members on the date of withdrawal to the total number of active members in the com- 
bined member associations of the Federation, and shall be responsible for its proportion 
of any deficit, as determined in a like manner. 

Section 3. Any member association may be excluded from this Federation, at the 
pleasure of the Board, for non-payment of dues, as hereinafter provided, or for any 
change in its constitution which may bring it into conflict with the Constitution or By- 
Laws of the Federation. 

Section 4. Any change in the existing ecnstitution or by-laws of a member associa- 
tion shall be reported in full to the Seeretary-Treasurer of the Federation within thirty 
(30) days after its adoption by said member association. 


ARTICLE II 
DUES 

Section 1. The dues of the member associations in the Federation shall be paid 
in advanee at the rate of one dollar and fifty cents per annum for each person on the 
membership rolls of the respective member association in the United States of America 
and its territorial possessions on December 31st. The dues for member associations 
located outside these territorial limits shail be greater than the amount hereinbefore 
specified, by an amount to be fixed annually by the Board as equivalent to the added 
cost for mailing the JourNAL to such associations as compared with the average cost 
for mailing to members residing within these limits. The fiscal year of the Federation 
shall begin on January Ist, and these dues shall be collectible on that date and shall have 
been paid before February Ist. If the dues of any member association shall not have 
been paid by February Ist, fifteen days notice of the dues in arrears shall be given to 
that association, after which time, if the dues remain unpaid, that association may be 
dropped from the rolls of the Federation, on action by the Board, as provided in Article 
I, Section 3, of these By-Laws. 

Section 2. In transmitting dues to the Federation, each member association shall 
forward with them a certified list of the names and correct mailing addresses of all indi- 
vidual members pf the said association who are in good standing and are entitled to re- 
ceive the JouRNAL of the Federation during the ensuing year. 


ARTICLE III 
BOARD OF CONTROL 


Ssecton 1. The Board of Control, designated herein as the Board, shall consist of 
two representatives from each one of the member associations, together with five mem- 
bers-at-large selected at its first meeting by a two-thirds vote of such representatives 
present and voting. Thereafter the members-at-large shall be elected by the Board of 
Control at its annual meeting by a majority vote of the members attending said meet- 
ing, and shall serve one year or until relieved by the Board selected for the ensuing year. 

Section 2. The members of the Board shall be appointed in a manner to be de- 
cided by each respective member association, provided, however, that the members ap- 
pointed from each member association shall be so selected that their terms of office shall 
overlap. 

Srection 3. The duties of the Board shall consist of general supervision over all 
agreements and fiseal arrangements and selection of the officers of the Federation, as 


. 
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hereinafter provided. The Board shall have the power to enter into agreements in behalf 
of the Federation and to make all arrangements, both fiseal and otherwise, for conduct- 
ing the affairs and business of the Federation. A majority vote of the members of the 
Board present at any meeting shall be necessary for approval of all questions considered 
by the said Board, except amendments to the Constitution, which shall be decided by 
a two-thirds vote of the full Board, amendments to the By-Laws, which shall be decided 
by a two-thirds vote of the members of the Board present and voting at any regular 
meeting, and certain fiscal questions which shall be decided as hereinafter provided. 

Section 4. The Board shall serve one year, beginning on each January Ist, or 
until relieved by the Board selected for the ensuing year, and shall reorganize each year 
on or about that date. 


ARTICLE IV 
OFFICERS 


Section 1. The officers of the Federation shall be a Chairman, Vice-Chairman, 
Secretary-Treasurer and Editor, as provided in Article IV, Section 2, of the Constitu- 
tion. The Chairman and Vice-Chairman shall be selected at the annual meeting from 
the membership of the Board, by a majority vote of the members attending the annual 
meeting. They shall serve without compensation and their term of office shall be as 
provided in Section 5 of this Article. The Secretary-Treasurer and Editor, either one 
of whom may or may not be a member of the Board, shall be selected by the Board and 
may receive compensation, the amount of which shall be determined by a two-thirds 
vote of the full Board. The Seeretary-Treasurer and Editor shall be selected by a 
majority vote of the members of the Board present and voting at the annual meeting, 
and they shall be appointed and removed under regulations to be preseribed by the 
Board, subject to the provisions of Sections 3 and 4 of this Article. 

SecTton 2. The Chairman, in addition to his ordinary duties, shall present an 
annual report of the transactions of the Board, which report, together with a synopsis 
of the general transactions of the Board, of interest to members, shall be published in 
the JourNnaL of the Federation. The Vice-Chairman shall perform any or all of the 
duties of the chairman whenever the latter may be unable, for any reason, to perform 
them. 

SECTION 3. The Secretary-Treasurer shall be the active business agent of the 
Board and shall be appointed for a term of two years unless removed for cause by the 
Board. He shall perform the ordinary duties both of a secretary and of a treasurer. 
He shall receive all dues, subscriptions and other monies paid to the Federation and 
shall hold or dispose of the same under such rules as the Board may prescribe. He 
shall certify the correctness of all bills. He shall act as recorder of the Board and shall 
maintain a complete record of its transactions. He shall be permitted to select a Busi 
ness Manager and such clerical and other assistants as may be necessary, under regula 
tions to be prescribed by the Board. The affairs of the Federation shall be audited 
ach year in advance of the annual meeting of the Board by a recognized accountant 
selected by the Board. 

Secrion 4. The Editor shall be the literary agent of the Board and shall be ap 
pointed for a term of three years, unless removed for eause by the Board. He shall 
receive all manuscript copy, prepare it for publication, and shall be responsible for the 
proofreading, printing and mailing of the JourNAL of the Federation, except in so far 
as he may be relieved of such duties through other arrangements made by the Board. 
He shall have the power to return to the author for correction, or to reject entirely, any 
manuscript which may be in bad condition, illegible, or clearly deficient in respect to 
composition, subject matter or supporting data, or otherwise conspicuously deficient or 
unfit for publication. He also shall have the power to reject any technical manuscript 
which is designed to promote commercial interests. He may appoint such editorial or 
clerical assistants as he may desire, subject to conditions and regulations to be prescribed 


by the Board, 
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: Section 5. The term of office of all officers of the Federation shall become effec- 
tive immediately on their selection and acceptance of office and shall continue until their 
successors have been selected and duly qualified. 


ARTICLE V 


MEETINGS 


: Section 1. The Board shall meet annually in January as promptly as is prac- 
: ticable after the selection of the constituent members of the said Board. The date and 
place of the annual meeting shall be decided at the next prior meeting by a majority 
vote of the members of the Board attending the said prior meeting. Due notice of the 
date and place of such meeting shall be sent by the Secretary-Treasurer to each mem- 
ber of the Board and to the Seeretary of each member association at least fifteen days 
in advance of the scheduled date of the meeting. Special meetings of the Board may be 
held on eall of the Chairman or on petition addressed to the Seeretary-Treasurer and 
signed by ten or more members of the Board representing not less than seven member 
associations. 
Section 2. At any meeting of the Board, a quorum shall consist of two-thirds of the 
duly selected members thereof. Absent members may vote by proxy, all such proxies 
being counted in determining a quorum. 

Section 3. The Board is hereby empowered to authorize payment, by the Federa- 
tion, of the traveling expenses of the Seeretary-Treasurer and Editor to attend the Annual 
Meeting. 


ARTICLE VI 
COMMITTEES 


; Section 1. The Board shall select at its annual meeting, from among its members, 
an Executive Committee, consisting of the Chairman, Vice-Chairman, two other members 
and the Seeretary-Treasurer as an ex-officio member; a Membership Committee, con- 
sisting of three members; and a Publication Committee, consisting of five members, the 
Editor to be ex-officio member thereof. The Chairman of the Federation shall be Chair- 
man of the Executive Committee, and the Board shall designate the officers of the other 
committees. The Board may authorize such special committees as are deemed necessary 
and shall designate the number of members thereof. Not less than one-half of the total 
membership of such special committees shall be selected from members of the Board. 

Srorton 2. The Executive Committee shall have full control of the management of 
the affairs of the Federation between meetings of the Board, subject to such actions as 
may be passed by the Board at its meetings. A special meeting of the Executive Com- 
mittee may be ealled by the Chairman whenever necessary, due notice of the time and 
; place of such meeting being given to members of the Committee by the Secretary-Treas- 
urer. The Executive Committee shall present at each annual meeting of the Federation 
a budget of estimated expenses of the Federation, including those of publications, during 
the ensuing year. On adoption of the budget by a majority vote of the Board, the ex- 
penses of the Federation shall be limited as far as may be practicable, within the amounts 
prescribed in the said budget. 

Section 3. The Membership Committee shall be charged with the duty of passing 
on applications for membership in the Federation and also with the encouragement of 
the formation of new local, state or district associations or conferences eligible for mem- 
bership in the Federation. Special meetings of the Membership Committee may be called 
by the Chairman of the said committee whenever necessary. 

Section 4. The Publication Committee shall have full charge, except for questions 
involving finances, of the policies of the Board relative to any publications for which the 
Federation may be responsible. 

Secrion 5. The Board shall have full power to fill vacancies occurring in any office 
or in any of the aforesaid committees. 
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ARTICLE VII 





PUBLICATIONS 


SecTION 1. Each member association shall forward its papers and transactions to 
the Editor with its recommendations as to publication, and for this purpose may appoint 
its association editor or editorial committee. Papers submitted by individuals may be 
accepted for publication at the discretion of the Editor. 

Section 2. The official publication of the Federation shall be a JourNAL, as hereir 
designated, which shall be published under the general supervision of the Publication 
Committee and under rules and arrangements prescribed from time to time by the Board 
acting on recommendations by the Publication Committee. The name of the Journat 
shall be determined by a two-thirds vote of the Board, acting on recommendations by 
the Publication Committee. 

Section 3. Each member association shall notify the Secretary-Treasurer of the 
Federation as to the minimum number of copies of the JouRNAL which it desires to re- 
ceive and shall furnish a certified mailing list for the same from time to time. Copies 
ordered by any member association shall be distributed to the individual members of such 
association, in accordance with rules to be adopted by a majority of the Board. 

Section 4. The publications of the Federation, including the JouRNAL, shall be open 
to publie subscription and sale, at prices to be fixed from time to time by a two-thirds 
vote of the Board. Additional copies of the JournaL, for the use of member associations, 
may be purchased by them at cost or at a nominal price, to be fixed by a two-thirds vote 
of the Board. Advertisements of an appropriate character shall be received under regu 
lations to be prescribed by a majority of the full Board. 

Section 5. If the total revenues received by the Federation, including dues, as pre 
seribed in Article II of these By-Laws, and income from advertisements in the JOURNAL, 
should be insufficient to cover the expense of publishing the JouRNAL during a given year, 
the deficit may be balanced by means of a special assessment, to be proportioned among 
the member associations in accordance with the relative average number of copies of the 
JOURNAL supplied to each respective member association and individual members thereof, 
or by such other means as may be determined by a two-thirds vote of the full Board, 
having due regard for the budget limitations prescribed in Article VI, Section 2, of these 
3y-Laws. 

Secrion 6. If a manuscript submitted by a member association for publication in 
the JourNAL should be rejected by the Editor, in accordance with Article IV, Section 4, 
of these By-Laws, the question of its acceptance may, on application of the member asso 
ciation from which it has been received, be reviewed by the Publication Committee, on 
whose recommendation the Board, by a two-thirds vote of the full membership, may order 


its publication if it appears to them desirable. 
ARTICLE VIII 
AMENDMENTS 


Amendments to these By-Laws may be made by a two-thirds vote of the members ol 
the Board present and voting at any annual meeting, notice of the proposed amendment 
having been given to the member associations not less than sixty days in advance of the 


said meeting. 











Reviews and Abstracts 
Ht. W. Srreerer 


STANDARD PRACTICE IN SEPARATE SLUDGE DIGESTION 
Proceedings, American Society of Civil Engineers, 63, 39 (January 1937) 


A Progress Report of the Sanitary Division Committee on Sludge Digestion, with 
\ppendices of Operating Data from Grand Rapids, Michigan and Elyria, Ohio. Pre- 
sented by Messrs. Samuel A. Greeley, Chairman, W. L. Havens, C’ B. Hoover, C. E. 
Keefer and John F. Skinner—Committee. 68 pages, 24 tables and 14 plates. 

The purpose of the report is “to state the fundamental aspects of sludge digestion 
and to assemble . . . information relating to the design and operation of separate sludge 
treatment plants.” Such works represent 20-35 per cent of the total plant cost. 

Characteristics of Sewage—Data (1930) are given for 31 cities in report—for sew- 
age, of total solids, suspended solids, settleable solids, B.O.D., chlorides, nitrogen and 
iron; and, for sludge, of specific gravity, moisture, pH, volatile matter and ether soluble 
matter. Table No. 2 is a resumé which is as follows: 





Resumé oF SEWAGE CHARACTERISTICS BASED ON SEWAGE FLow oF 100 G.C.D. 


| 
Number |  Con- Pounds per capita 
Nam in eae Parts per million panei: 
of | tributing per day 
Item sewage | popula- é — ——- 
works tion in = ee oe eee 
sie Maxi-| Mini- |} Aver- | Maxi- | Mini- | Aver- 
reporting | thousands | 
mum | mum | age | mum | mum | age 
Total suspended solids... . . ot. | “Sivan 612 SI 254 0.51 0.07 | 0.21 
Volatile suspended solids 22 2,978 145 51 rz 0.37 | 0.04 | 0.14 
Settleable solids... ... : 19 | 2,144 973" La" ae, ay eee Pes 
Settleable solids............] 6 | 1,595 176 54 20 0.40 | 0.04 | 0.17 


3io-chemical oxygen demand, | 


5 days, at 68° F... 22 Sook 173 | 121 262 | 0.39 | 0.10° | 0.22 
yn ee me 3,437 8.0t| 6.8t|  7.3t | 
Immediate chlorine demand 6 1,213 39.8 | 6.5 rece. «fl Mates eee, 
Nitrogen as free ammonia. . IS | 1,937 34.5] 6.1 14.3 | 0.020 | 0.005 | 0.012 
Organic nitrogen............| 16 | 2,606 8.8 | 5.2 | 22.1 | 0.041 | 0.004 | 0.018 


* Values are in cubic centimeters per liter. 
} Values are not parts per million. 


Characteristics of Sludge.--Well digested sludge has a uniform texture, is dark 
colored and dense, has a faint tarry odor and will drain readily. The sludge is alkaline 
and not more than 50 per cent is organic. The volatile content is 50 per cent or less of 
the volatile content of fresh sludge. 

Characteristics of Gas—Table III gives “ American Analyses and Heat Values” of 
sludge digestion gas as observed at 34 plants—14 of them being American. The average 
composition of gas from Table III is aproximately 69 per cent CH,, 22 per cent CO,, 
6 per cent N and 3 per cent H. The average heat value is 730 B.T.U. 

Table IV furnishes data as to the collection of gas. The data inelude charaeteristies 
of sludge, type of digestion and temperature, pH and duration; and also the quantity of 
gas, total and per capita. Separate sludge digestion tanks reported for Germany show 


317 








318 SEWAGE WORKS JOURNAL March, 1937 


0.41 ¢.f. gas per capita daily from unheated tanks, and 0.53 ¢.f. from heated tanks. Ex 
amples for the United States show 0.61 ¢.f. per capita daily from heated tanks (0.69 ¢.1 
from activated sludge). 

A preferable method of stating gas yields is in terms of the volatile matter. Thus, 
on the average, 7.8 cu. ft. of gas are produced for each pound of volatile solids added t 
the tank—or, still more preferable, as 12 cu. ft. of gas per pound of volatile solid 
digested. 

ENVIRONMENTAL FACTORS 


The digestion of sludge reflects the treatment process. In addition it is affected b 
certain factors. 

Temperature—Temperature determines the organisms that predominate in sludge 
during digestion and it has a considerable influence upon the time needed for digestion. 
Present information indicates temperatures between 80° and 95° F., as desirable. Diges 
tion at 110° to 130° shortens the time, but the economy is not proved. 

Tabular and graphie data from several sources are given to show relationships be 
tween temperature and time of digestion. At 80° F., the data for time required for di 
gestion range from 28 days to 58 days. Monthly average temperatures are given for six 
digestion tank installations. The minimum is 67° F., and the maximum 95°, but the 
greater number reported lie between 75° and 92 

The choice of temperatures for operating digestion tanks involves an economic bal 
ance between the cost of heating and the cost of tank capacity. This consideration in 
cludes the factors of insulation, value of gas, method of heating, rate of heat transmission, 
caking on heating coils, concentration of solids, and effect on heating, heat loss from 
supernatant, effect of gas release on the formation of scum, the duration of winter tem 
peratures and the need for winter storage, and finally the fact that volume for digestion 
and time of digestion are not directly proportional. 

Reaction and Seeding.—Fresh sludge is alkaline, that from domestic sewage having a 
pH of 6.8 to 7.2. The reaction becomes acid within 24 hrs. Unless this condition is 
counteracted, as with lime or by seeding, the digestion process will be prolonged and is 
characterized by a high proportion of CO, in the gas. For the reason given, the storage 
of fresh solids is undesirable. Also, it is a faet, that solids high in organie matter-—as 
from separate sewerage—tend to produce the greater acidity. 

The liming of acid sludge is useful in abnormal conditions, but, for normal operation, 
ripe sludge is the corrective preferred to establish the more effective and odorless alkaline 
digestion. 

The ratio between the fresh solids added and those under digestion is important. 
Suggestion is offered that the fresh organic solids may be from 2 per cent to 6 per cent 
(dry weight) of the total digesting organie solids. 

Trade Wastes—Table VI gives quantities and characteristics of the sludge that is 
obtained in presence of 12 kinds of trade wastes. Characteristic data are: 


Sludge from Coke Gas and Creosoting Plants—small 
in quantity—contains phenols and other germicides— 
will not itself digest, but will not affect total sewage 
sludge unless the industrial wastes constitute more 
than 2 per cent of the total volume. 


Pressure—Depth tends to produce dense sludge, but the density is not direetly pro- 
portional to depth. The normal range of pressures has no effect upon digestion processes. 

Moisture Content.—Moisture has less effect upon digestion than other factors. There 
appears to be correlation between moisture and volatile contents of sludge. For a given 
volatile content, activated sludge may hold greater moisture than sedimentation tank 
sludge. 

Types or Digestion TANKS 

Digestion tanks are classed as 

Earth Embankment Tanks as at Birmingham, England where there are some 50 
tanks with a total capacity of 340,000 cu. yd. (1,000,000 population) and from 12 to 20 
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feet deep. Some of the embankments are faced with concrete; later tanks have been built 
of brick masonry, and floating covers of concrete and pyramidal in form have been added 
to the original construction. Indianapolis digests sludge in pits or lagoons 7 to 10 feet 
deep which have a capacity of 14 eu. ft. per capita. 

Open Masonry Tanks—Without Mechanical Equipment of which the Baltimore tanks 
are example. Open concrete tanks are used to store digested sludge at Peoria and Rock- 
ford, Ill. Those at Peoria are 130 feet in diameter; walls are 12 inches thick and lined 
with steel plate. Costs for open tanks are about one-third of those for controlled tanks. 

Open Tanks with Stirring Mechanism—Such tanks were developed at Rochester. 
Full scale works are located at Brownsville, Texas. At this plant, the tank is 35 feet in 
diameter and 16 feet deep. A center shaft supported from a steel truss carries top and 
bottom arms and the drive mechanism. The upper arms support chains for breaking the 
sludge. Sludge is admitted to and distributed from a central inlet well. Table VII cites 
29 examples with unit capacities of from 1.0 to 4.9 eu. ft. per capita except for certain 
installations where extra capacity was provided for trade wastes. 

Tanks with Fixed Covers—Without Stirring Mechanism.—Covers were introduced to 
control odors, to capture gas and to enable submergence of scum. The only American 
example (1930) was at Palmyra, N. J. 

Covered Tanks with Stirring Equipment.—Most of these are circular. Floors drain 
to a center sump and with a slope of 1 on 48. Sludge is withdrawn from the sump 
through a pipe that is under the floor. The roof is generally of concrete and is provided 
with a water sealed gas dome. ‘The stirring mechanism is similar to that described previ- 
ously. In operation, the roof of the tank is under internal pressure. <A table of 53 ex- 
amples is given in which the unit capacity is from 1.0 to 3.7 cu. ft. per capita—except 
one where 8.2 cu. ft. per eapita were provided for industrial wastes. The data of Table 
VIII inelude date, population; and number, shape, dimensions and volume of tanks. 

Tanks with Floating Covers—Floating covers for digestion tanks cover the whole 
tank surface. The cover consists of a gas tight steel plate that is supported by radial 
trusses that are covered with an insulated roof. At the center is a gas dome with flexible 
pipe outlet. Around the periphery of the cover is a vertical steel curb that forms a water 
seal. The cover floats on the surface of the sludge in the tank guided by rollers which 





bear against the tank walls. 

Multi-Stage Digestion—Multi-stage digestion consists in apportioning tanks to dif- 
ferent phases of the digestion process and in transferring the sludge progressively from 
the primary to secondary and in some eases tertiary stages. The first stage is the active 
stage for gasification. Succeeding stages produce some gas but are generally quiescent 
for clarification of the supernatant. There are about 30 installations that are operated 


multi-stage in the United States. 
StupGe Pumping EQUIPMENT 


For pumping sludge use is made of Compressed Air Lifts, Pneumatie Ejectors, 
Diaphragm Pumps and Reciprocating and Centrifugal Pumps. For the last it is sug- 
vested that single suction, closed impeller pumps with horizontal split casing, and operat- 
ing at 720-800 r.p.m. are to be preferred. 


EQUIPMENT FOR COLLECTING AND UTILIZING GAS 


Gas from sludge digestion is used for heating the digestion tanks and buildings and 
also in gas engines. In Germany it is frequently sold to gas plants. Table IX gives in- 
formation as to usage in some 46 installations—22 of them in the United States. 

Gas is collected in hoods that are mounted at the high point of the cover to the di- 
vestion tank. The size varies from 2 to 4% feet in diameter. The hoods are water 
sealed and are provided with cleanout openings, with water pipe sprinkler and with a gas 
pipe—the latter 11/4, to 6 inches in diameter. The design and operation must be such as 
to exelude air as this constitutes a real hazard when admitted to explosive proportions. 
Floating covers automatically safeguard against entry of air. In the case of fixed covers, 
the gas dome may be connected to a gas holder but piping and meters must permit two 
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way flow of the air and the gas holder must not be allowed to become empty. Table X 
of the Report records data as to sizes of hoods and relations to tank area. The last is 
such that the area of the hood is generally about 0.005 or 0.006 of the tank area but with 
quite some individual variation. 


StupGe Heatincg EquIPMENT 


Sludge in process of digestion is heated (a) by circulating hot water through pip: 
coils in the tank; (b) by discharging heated water or sludge liquor into the tank; (c) by 
preheating sludge. Heat is supplied from hot water or steam boilers. The former is 
somewhat the more efficient but does not burn gas at sufficiently high temperature to avoid 
corrosion if H,S is present. 


Gas Burninc Power EQuIPpMENT 


sirmingham, England, has installed gas engines with a total of 950 H.P. of which one 
unit is 400 H.P. Charlotte, N. C., has one unit each of 75 and 225 H.P. Photographs 
of both installations are shown. 

Gas engines are used for direct drive of pumps or air compressors or in conjunction 
with motor generator sets. Twenty (20) cubie feet of gas per horse power hour is a fai 
rating. 


COMPUTATIONS 


The digestion compartments of Imhoff tanks have had capacities of 1.5 to 3.5 eu. ft. 
per capita. Separate sludge digestion tanks are stated to require less volume. It is 
customary to state unit capacities as eubie feet per capita or eubie feet per million gal 
lons of sewage daily. <A better basis of design is the weight of the sewage solids recovered 
daily with data as to per cent volatile and per cent moisture. 

The Report outlines methods and gives examples of computations for determining th: 
necessary tank capacities and the heating requirements. Digestion tank capacities ar 
determined for four cases— 


I. Continuous operation with daily withdrawals. 
II. Periodic withdrawals, incomplete digestion. 
III. Periodic withdrawals, complete digestion. 
IV. Unheated tanks in cold climates. 
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a, = fraction of volatile solids digested in time ¢. 
B = required capacity in cubic feet. 
Kv = ratio of weight of volatile solids added daily to weight of volatile solids in tank. 
| = volatile fraction of solids. 
) = weight in pounds. 
t = adopted period of digestion-days. 
() = adopted period of digestion in days for 75 per cent deduction of volatile solids. 
// = maximum interval between sludge withdrawals. 
= maximum time during which there is no digestion. 
wy = percentage of water in entering sludge. 
percentage of water in sludge withdrawn. 
Wo + W 


2 


Metnops oF SuupGe DIsPosaL 


Sludge is disposed of as liquid sludge or as dewatered sludge and in either ease di- 
vested or undigested. Liquid sludge is disposed of (a) by barging; (b) by tank truck to 
the land and plowing under; (c) by lagooning; (d) by broad irrigation; and (e) by dis- 
charge into waters of river, lake, ete. These several methods are indicated as available 
only to a limited extent or in particular locations. 

Sludge is generally dewatered on drying beds or in vacuum filters before final dis- 
posal. Methods of disposal are—(a@) as fertilizer; (6) on dumps or for filling; (¢) by 
burying; (d) by incineration; and (e) by barging to open water. 

Nitrogen is the chief fertilizing element of sewage sludge. This varies from about 
2.0 to 6.5 per cent depending upon the treatment process. The given higher value is for 
the undigested and dried activated sludge at Milwaukee where some 90,000 tons are sold 
yearly at an (1930) average price of $18.75 per ton. Table XII gives information as to 
the sale of sludge as fertilizer—quantities and prices. 


OPERATING ROUTINE OF SLUDGE DIGESTION 


The suggestions of operating routine apply to separate sludge digestion tanks and to 
Imhoff tanks as well. 

Starting Operation.—Seeding is not essential but results in establishing proper op- 
eration more quickly, and particularly in cold weather. Seeding material should be 20 
to 40 per cent of the tank capacity. 

Introduction of Sludge—Seeding material should be sufficient to counterbalance 
acids formed from fresh sludge. Fresh (volatile) solids should be added continuously or 
frequently and in amount not to exceed 3 to 5 per cent of the (volatile) solids in the tank. 

Use of Lime.—Liming should be an emergency matter. Results depend upon quan- 
tities and method of application, 

Stirring Sludge.—There is considerable difference of opinion as to the advantage of 
stirring sludge. Some stirring seems necessary or desirable at least when raw sludge is 
added. The amount of stirring is a question. Stirring in two story tanks appears un- 
necessary except that some agitation may be necessary during withdrawal. Stirring is 
intended to liberate gas, distribute raw sludge and mix any added chemicals. 

Gas—Collection, etc—Meters should be read daily and checked oceasionally. Gas 
lines, domes, ete., should be checked frequently for obstructions. Pressures in the system 
should be checked daily or more frequently. Seals should be maintained at proper levels, 
kept free from sludge or seum and filled with oil during freezing weather. Flame should 
be kept away from digestion tanks and collection system. Gas masks should be kept 
available. 

Removal of Sludge-——Withdrawal should be slowly and uniformly. Failures to flow 
may be remedied mechanically or by water jets. In unheated tanks, sludge should be 
lield in the spring as long as possible to take care of winter accumulation of partly di- 
gested material. 
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Removal of Scum.—Aceumulation of scum in two story tank gas vents or on surfa: 
of separate digestion tanks, may cause odors, prevent free discharge of gas or clog pij 
lines. Excessive scum may be counteracted by submergence grids, by stirring mechani 
sally or by breaking by hand. Flushing with water or sludge liquor may make it possib|i 
to draw scum off through pipe lines. Ordinarily scum need be removed but yearly if at 
all. 

Supernatant Removal.—lit should be possible to draw off supernatant from different 
levels. It is discharged to inlet of sedimentation tanks, to digestion compartment of two 
story tanks or to drying beds. 

Foaming Control.—Methods suggested to control foaming are (1) drawing sludge 
(2) hosing; (3) circulation of supernatant liquor to foaming surface; (4) liming ray 
sewage or sludge; (5) chlorinating raw sewage; and (6) emptying tanks and startin 
anew. Accepted practice is withdrawal of sludge and maintenance of proper seeding 
material. 

Odors.—Plant should be kept clean, free from accumulations of solids and greas 
Undigested sludge should not be exposed. H,S can be controlled by chlorination. 


ANALYSES AND RECORDS 


The efficiency of sludge digestion is measured by the reduction of volatile matter. 
Composite samples of digested sludge should be proportionate. Inflow and outflow of 
sludge are important and also the location of the sludge line. The last may be deter 
mined by pitcher pump, flat tray of fine wire mesh, and bottles on a pole. 

Suggested record data are quoted below: 

(1) General Data (recorded daily): Temperature of atmosphere, in degrees Fahren 
heit; hot water circulated, in gallons per day; temperature of circulating water (incoming 
and outgoing); and temperature of sludge in tank. 

(2) Ineoming Sludge: Time of introducing sludge, in hours; volume added, in gal 
lons; temperature of sludge, in degrees Fahrenheit; and analysis of sludge, daily, or for 
each volume added: (a) Percentage of total and dissolved solids; (b) percentage of ash 
and volatile matter; (c) pH-value and alkalinity; and (d) specific gravity or actual 
weight per gallon. 

(3) Sludge Withdrawn: Volume withdrawn, in gallons; and analysis of sludge, 
daily or for each volume withdrawn (same as for incoming sludge). 

(4) Supernatant Sludge Liquor: Volume withdrawn, in gallons; analysis of super 
natant, daily, or for each volume withdrawn: (a) Percentage of total and dissolved solids; 
(b) percentage of ash and volatile matter; and (c) pH-value and alkalinity. 

(5) Seum (Recorded Monthly): Thickness, in inches; volume removed, in gallons; 
analysis of scum: (a) Percentage of moisture; (b) percentage of ash and volatile matter; 
(c) pH-value and alkalinity; and (d) specific gravity. 

(6) Gas: Volume, in cubic feet (recorded daily); analysis of gas (weekly): (q@) 
Heat value, in British thermal units; and (b) percentage of CO,, N,, CH,, O, and H,. 


OPERATING RESULTS 


The separate sludge digestion tanks at Grand Rapids, Michigan, and Elyria, Ohio, 
were operated for given periods to obtain specific information. Solids balances were 
made. The data include monthly averages for characteristics of sewage and quantities of 
sludge, supernatant and gas. Characteristics of gas and of supernatant are given. 
Messrs. James R. Rumsey and James R. Collier were the plant superintendents who 
cooperated in this work. 
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ECONOMICS OF SEWAGE TREATMENT 


ECONOMICS OF SEWAGE TREATMENT 


GEORGE J. SCHROEPFER 


Minneapolis-St. Paul Sanitary District 

Civil Engineering, 7, 203 (March 1937) in report and abstract of paper presented before 
he Sanitary Engineering Division at the 1937 Annual Meeting, American Society of Civil 
Engineers, 

The object of this paper by the Assistant Chief Engineer of the Minneapolis-St. Paul 
Sanitary District was to present general economic relationships between various methods 
sewage treatment. The efficiency of treatment was measured in terms of removals of 
uspended solids, or B.O.D. For each of several methods of treatment, curves were 
jlotted to show the efficiency as it varied responsive to some critical factor. The Civil 
ngineering abstract does not present these curves, but includes comment on each as 


follows: 

(1) Sereens and Grit Chamber.—Efficiency measured in terms of screen opening. 
With l-inch openings and properly designed grit chambers, removal of 7 cu. ft. per m.g. 
may be expected. 

(2) Sedimentation is affected by viscosity of the liquid and by specifie gravity and 
legree of coagulation of solids. In any given case the hours detention is the eritical fae- 
tor. For treatment by sedimentation only, 144 to 14% hours detention represents economic 
removal of solids, with 3-314 hours for B.O.D. reduction. Where sedimentation is pre- 
liminary to other treatment, the economic detention is the shortest y- or, practically,— 
for trickling filter plants, 144 hours;—for activated sludge treatment, 14 to 1 hour. 

(3) Trickling Filters show overall plant efficiency of 84 per cent (Sus. Solids) and 
85 per cent (5-day B.O.D.). Within limits, the efficiency is independent of the strength 
of the sewage or the rate of application. This points possibilities for this type of treat- 
ment, 

(4) Activated Sludge treatment offers 91 per cent efficiency in removal of solids and 
92.5 per eent in B.O.D. reduction. Four and one-half hours aeration is the economic 
period for normal sewage. The final settling tanks which were studied had a settling rate 
of 900 gallons of sewage per sq. ft. per day. Choice of the rate depends upon variations 
in flow and upon depth of tank with lower rates for shallow tanks. 

(5) Chemical Treatment yields different results with change of dosage. The differ- 
ences in effectiveness reported from different plants suggest careful investigation before 
adopting this method of treatment. 

(6) Effluent Filters ave an adjunct to other treatment and the results are a function 
of the method of previous treatment as well as of the strength of filter influent. 

Costs, in the paper were compared in terms of total annual charges per m.g.d. per 
one per cent reduction in suspended solids or B.O.D. Curves are given for the several 
methods of treatment to show the annual costs for different sized plants—with fixed 
charges at 6 per cent and construction costs on the 1923-30 level. The following tabular 
values have been interpolated from the curves. 


ANNUAL CHARGE—CENTsS PER M.G. PER ONE PER CENT REDUCTION 








| 
| 





Normal sewage, suspended : 
Be, I B.O.D. basis 


solids basis 





| 
| 
Treatment | 
| 
| 











Total | 100 | 40 | Total 100 40 
reduc- ly M.G.D. M.G.D. | reduc- | M.G.D. M.G.D. 
| tion hess ant | plant tion plant plant 
| 
Sedimentation. ...... | 56% | a4 $.17 | 36% | $.217 $.268 
Chemical treatment....... > 13% 19 220 56% 20 .292 
Chemical treatment... ..... | 91% 262 295 | 82% 293 323 
Trickling filters...... Pe ee 0 i275 .29 | 85% 274 .287 
Activated sludge. .... pale Onto ol ion 92% 306 008 
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The economic study of any treatment problem should be individual and may involve 
(a) degree of treatment obtained from different processes; (b) construction costs ani 
rate for fixed charges; (c) characteristics of sewage; (d) seasonal variations in degree of 


treatment; and (e) available head. 
FRANK TOLLES 


DEOXYGENATION AND REOXYGENATION 
sy C. J. VELZ 
Civil Engineering, 7, 3, 203-204 (March, 1937) 


It is fast becoming impressed on the public that the problem of sewage disposal ex 
tends beyond the sewer outlets and that something must be done about the menace ot 
stream pollution. With advances in the art of sewage treatment, the remedial problem is 
largely one of procedure and financing. A sound and economical solution requires an 
evaluation of pollution liabilities and stream assets, in advance of building, to permit de 
termining the effect on the stream of any proposed remedial program. The purpose of 
the paper is to present a technique of stream analysis with this end in view. 

Nuisance in streams is a combination of complex noxious conditions. Although no 
single measure fully reflects all those conditions, the oxygen content of a stream is the 
best single index. Deoxygenation is a complex biochemical process influenced by time, 
temperature and nature of waste. Reoxygenation, no less complex, is primarily a chemi 
sal process influenced by concentration of dissolved oxygen, time, temperature, depth and 
turnover. 

In their formula for the oxygen sag curve, Phelps and Streeter have integrated both 
the deoxygenation liabilities and reoxygenation assets, and defined the factors influencing 
rates of change in each by coefficients. Such an integrated equation has many advantages, 
but in certain instances a better understanding and wider application of the fundamentals 
ean be obtained by considering deoxygenation and reoxygenation separately. 

The most important asset of a stream is the natural process of reoxygenation, or ab 
sorption of atmospheric oxygen. The separate evaluation of reoxygenation as deduced 
by Phelps has advantages over the integrated oxygen sag formula in permitting direct 
evaluation of physical factors of each stream, including stream depth. It also permits 
application to brackish waters where tidal flow precludes use of the oxygen sag formula. 
Mr. Velz has developed an ingenious diagram whereby the complex diffusion equation de 
veloped by Phelps (in his New York Harbor study) can be solved graphically for any 
given set of conditions. 

Deoxygenation in streams results from the progressive satisfaction of the oxygen de 
mand of organie waste matters. By plotting the logarithms of oxygen demand, expressed 
as percentages of the initial total demand, against time for rates at different temperatures, 
a nest of “standard demand curves” is obtained. The lines can be utilized to estimate 
the relative effects of different waste-contributing population groups, each “ stepped 
down ” according to time of flow and stream temperature. 

Variation in stream flow is a paramount factor in oxygen balance because of its in- 
fluence on volume and on the time element in deoxygenation and reoxygenation. Al- 
though any particular oxygen balance profile is possible of reasonably exact determina- 
tion from the fundamental laws governing deoxygenation and reoxygenation, load factors 
and run-off probabilities are not definitely predictable. By computing a series of oxygen- 
balance profiles over a range of loads and run-off, accurate limits of stream conditions are 
obtained. These limits afford a basis for measuring the necessity and effectiveness of any 
scheme of treatment plants designed to relieve the stream of portions of the pollution 
load. The subjection of various remedial combinations to such evaluation insures the 
proper protection to the stream and the taxpayer. 

H. W. STREETER 
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DISINTEGRATION OF SOLID MATTER IN SEWACE 
3y H. R. Lupron 
The Surveyor, 91, 69-72 (January 15, 1937) 


Except where river or marine currents are quite strong and reasonably constant, dis- 
integration for a sea-outfall is invariably advantageous. Screening removes only about 5 
per cent of the total polluting matter and is subject to the serious disadvantage of disposal 
of screenings and possible local odor nuisance. <A disintegrator on the other hand can be 
placed underground and its existence need not be suspected by the public. Where sewage 
must be pumped normally, disintegrator pumps, with an efficiency of 65 per cent for large 
sizes, dropping to 55 per cent at about 300 gallons per minute, simplify the problem. 
Where there is no sewage lift the “ consumption” per thousand gallons required by the 
disintegrator is .1 to .2 B.O.T. units for cutting to standard fineness, .15 to .3 B.O.T. units 
for medium fine cutting and .3 to .5 B.O.T. units for fine cutting. Under average con- 
ditions, regrinding, an inexpensive operation, must be done every three months, but where 
the disintegrator operates on screenings alone, regrinding must be done after about 300 
hours of actual work. 

Discussion—Mr. H. C. H. Shenton (Westminster) suggested that while it was most 
important for the solid matter to be finely ground where disposal was by dilution, when 
the sewage was subsequently to be treated, “ soupification ” of screenings might increase 
the non-settleable polluting matter and make the sewage harder to treat. The addition 
of garbage, similarly ground, might also change the “ nature of the sewage, render it more 
diffieult to earry, ealling for increased flushing, ete.’ Mr. Lupton replied, in regard to 

‘soupification,” that all material had to go through the purification process and the dis- 
integrator assisted by accelerating the process. 

Mr. H. R. Homewood (Bournemouth) felt that screening and disintegration of sereen- 
ings was less successful than passing the entire dry weather flow through the disintegrator. 

Mr. W. K. Porteous (W. K. Porteous and Co., Westminster) commented on the ex- 
cellent performance of a small sized machine which he had operating on sludge alone and 
stressed the importance of proper clearance between the eutting edges and plate of the 
machine. He was of the opinion that disintegrators should not be installed alone where 
there was danger of sewage being washed back on beaches, or where there was insufficient 
current to prevent the formation of sludge banks. Mr. Homewood stated that at Bourne- 
mouth the outfall discharged into 40 feet of sea water, the dilution was enormous and the 
action of marine organisms was so rapid that the B. coli count was negligible throughout 
the bay. 

Mr. D. Edwards (Brighton) stressed the proper location of outfalls, saying that the 
yellow streak of sewage in sea water was repugnant to visitors at seaside resorts. 

Mr. V. H. Lewin (Epsom) asked if disintegration would make the sewage solids 
more difficult to settle in sedimentation tanks and regarding the effect of disintegration 
ipon dewatering properties of sludge, but these were not known. 

Mr. G. T. Cotterell believed there was a big advantage in disintegrating paper and 
other material that would tend to float and be carried back to shore. 

Rosert W. KenR 


THE SEPARATION AND TREATMENT OF STORM 
WATER SEWAGE 


3y H. H. STANBRIDGE 
Presented to the North-eastern Branch of the Institute of Sewage Purification, January 23, 1937 
The British Ministry of Health requirements of complete treatment of wet weather 


flows of sewage up to three times the dry weather flow (d.w.f.) with sedimentation for an 
additional equal flow have usually in the past been rigidly adhered to, though they were 
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meant to be more or less elastic in nature, the absence of a local nuisance from storm 
water overflow being the determining factor. Recently there has been a marked tendency 
toward increased attention being given the problem of storm water sewage treatment. 
This is probably due to more widespread treatment of domestic and industrial wastes 
which formerly masked the effect of storm water discharges; the fact that in many in- 
stances storm water overflows come into operation before stream flow increases sufficiently 
to provide the necessary dilution; and to the realization that, in biological sewage treat- 
ment, storm water sewage may have a beneficial effect on conditions in the plant. 

In the separation of storm water flows it has sometimes been economically desirable 
to bypass the desired amount prior to pumping or passage through long expensive out- 
falls. Overflow weirs should be carefully designed to give as long a weir length as _ pos- 
sible; to prevent sedimentation and clogging with debris; and to prevent changes in head 
due to clogging of screens, ete. Dip plates should be provided to trap floating material. 
In computing the total amount of storm sewage to be given complete treatment, 1.1 times 
the volume of dry weather infiltration is added to three times the volume of domestic sew- 
age, and if trade wastes are present, either 1.1 or 2.2 times the volume of trade wastes are 
added, the latter figure being based on trade waste discharges occurring during a 12 hour 
period. Allowance is sometimes made for the variations in flow between day and night, 
the maximum rates to receive full treatment at Manchester being computed as follows: 


Average daily d.w.f. == 32 M.G.D. 
Ministry of Health requirements—(3 X domestic sewage) 

+ (1.1 X trade waste) + (1 X subsoil water) = 64 M.G.D. 
Average rate between 10 A.M. and 10 P.M.—40 M.G.D. 
Average rate between 10 P.M. and 10 A.M. = 24 M.G.D. 
Maximum rate to receive full treatment 

80 m.g.d. rate between 10 A.M. and 10 P.M. 

48 m.g.d. rate between 10 P.M. and 10 A.M. 


At Pudsey, a similar computation differentiating between day and night flows gave 
for a night rate 1.86 times the d.w.f. and for a day rate 3.33 times the d.w.f. Over a six 
months interval the period of operation of the separating weir, based on differentiation 
between day and night flow, compared to its operation whenever the flow exceeded 2.5 
times the dry weather flow, is as follows: 





Non-differentiation } Differentiation 
— "* is | : 
Times Hours limes | Hours 
Day period........ ice 90 376.5 50 | 226 
Daght period ...........- ; ; 82 921.5 | 174 1400 





Differentiating between day and night flows, results in a greater proportion of strong 
day sewages being treated, but throws a more variable load on the treatment plant. 

Ministry of Health requirements for storm water overflow tanks are 6 hours detention 
period based on the d.w.f. with two or more tanks connected in series to operate as con- 
tinuous flow tanks after becoming full of storm water. Storm water tanks with as high 
as 18 hours detention have been installed. The overflow or supernatant may be discharged 
without further treatment but is frequently returned to the plant. Sludge collected from 
these tanks may amount to as much as ¥% of all that collected from the sewage. The first 
flush of strong sewage during a storm usually lasts about an hour and provision is some- 
times made to handle these separately during light storms. In several places the ad- 
ditional storm water sewage required to be given sedimentation is cared for by providing 
sufficient primary sedimentation capacity in the treatment plant, thus obtaining the bene 
fits of long settling periods during normal operation. 
Rosert W. KEHR 
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TREATMENT OF FIBERBOARD WASTE 


TREATMENT OF FIBERBOARD WASTE 


By Foster DEE SNELL 


Industrial and Engineering Chemistry, 29, 238 (February, 1937) 


Fiberboard is made from newspaper and rope stock. The paper stock is pulped 
with water and then passes through steps similar to those in a paper mill, being finally 
distributed to a felt. The wash water used in the operation of the plant under discussion, 
carrying substantial amounts of pigment and fiber, goes to a storage tank for use as 
makeup water and the excess not used constitutes a waste requiring treatment. Analyses 
showed that over 80 per cent of the solids in the waste are pigment rather than fiber. 
Dyestuffs and sizing materials were absent. 

Composite samples of the waste were analysed for total solids, loss on ignition, oxygen 
consumed, color in a 25.4 mm. Lovibond cell, and suspended solids. Filtration tests 
showed that the color and oxygen consumed values were due to suspended solids which 
could be largely removed. From a practical standpoint, however, vacuum filtration of the 
waste was unsatisfactory. Only 2.2 gallons per square foot per hour were obtained in a 
6.75 minute evele, the rate dropped rapidly and the cake was not suitable for continuous 
discharge. The use of filter medium was too costly. 

The material settled substantially in 24 hours, the supernatant was slightly opalescent 
and contained only 15 p.p.m. of suspended solids while the sludge contat.ed over 2 per 
cent of solids. The total waste contained only 176 pounds of suspended solids, 155 
pounds of which could be removed by 24 hour settling. Therefore, the waste was dis- 
charged to a natural lagoon about 4 feet deep and with a capacity for slightly over 24 
hour detention. This was used for an extended period with only occasional cleaning to 
remove sludge. There was no trouble from odors and the dissolved oxygen was not 
dangerously reduced. 

The table gives the analytical results on the raw waste, filtrate, and supernatant after 
24 hour settling. 


Supernatant 





| Original Filtrate | from 24 hr. 

p-p.m. p-p.m. | settling, 

| p.p.m. 
Total solids... ..... keener ei neeiaeabe ies’ 802 | 668 | 683 
Organic solids........... iiatashoaeneereihsondl 164 94 97 
Inorganic solids. | 638 } 574 | 586 
Oxygen consumed. . | 40 | 10 | 11 
Lovibund color of 25.4 mm... . | 5.0 red | | 1.5 red 

| 5.0 yellow | 0.5 yellow | 1.0 yellow 

| 5.0 blue | | 1.0 blue 


R. S. SMITH 


ENGLISH ADMINISTRATIVE PRACTICE IN STREAM 
POLLUTION CONTROL 


By WILLEM RUDOLFS 
Engineering News-Record, 117, 889 (December 24, 1936) 


It is generally recognized in England that the whole drainage area of a river should 
be placed under the control of a single authority in order to secure the proper administra- 
tion of the laws pertaining to river pollution. Existing legislation, however, gives broad 
powers of control to various agencies. The most important of the various laws governing 
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stream pollution are: the Rivers Pollution Prevention Act of 1876; the Salmon and Fresh 
Water Fisheries Act of 1923; the Land Drainage Act of 1930; and the recent Drainage 
of Trade Premises Bill of 1936. 

Under the Rivers Pollution Act the administration of the law was entrusted to the 
various sanitary authorities then existing, such as municipal corporations, improvement 
commissioners and local boards. Due to local influence, lack of technical assistance and 
the fact that any one river flowed through so many local jurisdictions, very little was ae- 
complished. Under the Salmon and Fresh Water Fisheries Act, a board ean be organized 
for the protection of fish life in streams of a catchment area where pollution has injured 
or may injure fish. These boards, some of which are very active, obtain funds from 
licenses sold to anglers and are more important in keeping clean streams clean than in the 
restoration of polluted streams. The Land Drainage Act divides the land into catchment 
areas for the purpose of land drainage administration. Representatives from county 
councils, communities, internal drainage boards and the Ministry of Agriculture are in- 
cluded in the personnel of these catchment boards. - The possibility of combining eatch- 
ment boards with water pollution boards is now being studied. The Drainage of Trade 
Premises Bill grants very broad powers. <Any pollution by sewage (either domestic or 
trade wastes) that may change the pristine purity of the stream can be prevented. Mini- 
mum standards of purity are established by the Ministry of Health for the entire river 
basin, but local authorities may increase the requirements. 

At present there are six rivers boards in operation: (1) The West Riding of York- 
shire Rivers Board which has been in operation for 43 years and has about 450 sewage 
treatment plants under its jurisdiction; (2) Mersey and Irwell Joint Commission; (3) 
Ribble Joint Commission; (4) Lee Conservancy; (5) Thames Conservaney, which has the 
most drastic powers and requirements; and (6) River Dee Joint Commission. Loeal dis- 
triets, such as the West Middiesex Drainage District in which the new Mogden (London) 
plant is located, are formed by county councils to take care of portions of drainage areas 
and are operated under the general jurisdiction of a rivers board. 

The organization and administration of a rivers board can be best illustrated by tak- 
ing the West Riding of Yorkshire board as an example. This agency consists of thirty 
representatives elected by the counties, cities and boroughs in the district. The board 
functioning mainly as a policy agency with powers guaranteed by the county courts, com- 
pels offenders to build disposal works and also supervises the operation of the plants. 
When local authorities wish to build disposal works, the plans and specifications are sub- 
mitted to the rivers board. The board maintains its own laboratory for the analysis of 
samples sent in by district inspectors and also undertakes chemical and biological research 
in methods of treatment, stream gaging and swimming pool supervision. All such in- 
formation is made available to manufacturers and local authorities. 

Loans for all sewerage and sewage treatment plants can be raised by local authorities 
only after they have obtained the sanction of the Ministry of Health. Applications for 
loans must be accompanied by plans and specifications. In this way the Ministry of 
Health is indirectly able to ensure that projects sponsored by local authorities are carried 
out on an engineering basis of economie design and construction. 

In effect the relationship of the various authorities simply provides that: (1) the 
rivers boards are responsible for the abatement of pollution; (2) the Ministry of Health 
ensures sound engineering; and (3) the local authorities take care of the construction and 
operation. Since each loeal authority is represented on the rivers board or has a voice in 
the stream cleansing program, the objective of cooperative action can be more easily 
realized. 

R. S. Sirs 




















(BRITISH) WATER POLLUTION RESEARCH BOARD 


REPORT OF THE (BRITISH) WATER POLLUTION RESEARCH 
BOARD FOR THE YEAR ENDED 30TH JUNE, 1936: WITH 
REPORT OF THE DIRECTOR OF WATER 
POLLUTION RESEARCH 


Department of Scientific and Industrial Research. H. M. Stationery Office, London, England 


In presenting this ninth of the notable series of annual reports contributed by the 
Board and its Director of Research, Dr. H. T. Calvert, attention is drawn to the growing 
seriousness of the problem of water supply in the British Isles, which has been intensified 
by increasing demand for water of highest quality and by a tendeney for industries to 
adopt new processes and centralize plants, resulting in larger volumes of polluting wastes. 
Signs are noted of an increased recognition of the importance of devising and applying 
practicable methods of preventing or reducing pollution of water supplies, both surface 
and underground. 

Close touch has been maintained with the Joint Advisory Committee on River Pollu- 
tion set up in 1927 by the Ministers of Health and of Agriculture and Fisheries. Cateh- 
ment Boards for purposes of land drainage have now been formed for the greater part 
of England and Wales. The Scottish Advisory Committee on River Pollution Prevention, 
appointed in 1928, has suggested in its Sixth Report (1936) that Rivers Boards should be 
constituted under regulations framed by the Central Authority: tidal waters and the sea 
being included as may be determined by the Authority. 


INVESTIGATIONS IN PROGRESS 


In the accompanying report of the Director of Water Pollution Research, brief 
descriptions are given of the results of investigations in progress. Those which have 
been concerned with sewage and industrial wastes treatment are summarized briefly as 
tollows. 

Milk Factory Effluents—Experiments on treatment and disposal of waste waters 
from dairies and milk produets factories have been continued at the Rothamsted Experi- 
mental Station and on a large seale at the factory of the United Dairies, Ltd., at Ellesmere, 
Shropshire. Two plants erected for large-scale experiments have been in operation since 
August, 1935. In one plant the wastes, after sedimentation, are treated by the activated 
sludge process. In the other plant, the settled wastes are treated biologically in two 
percolating filters in series; the order of the filters being changed every 3 weeks. From 
a crude waste with 1000 p.p.m. B.O.D., the activated sludge plant is obtaining an effluent 
with a B.O.D. of 20 p.p.m. Even better results are being obtained with the percolating 
filters, which are effecting a purification of more than 99 per cent and producing an ef- 
fluent of less than 10 p.p.m. B.O.D., in which fish live. 

The experiments have shown definitely that milk washings can be treated successfully 
by either of the two methods above noted, and likewise whey washings and mixtures of 
milk and whey washings. Further experiments are in progress to determine the condi- 
tions necessary to effecting purification at minimum overall cost. 

Activated Sludge Process of Sewage Treatment.—As the investigations carried out 
by Messrs. Standfast and Wooldridge were transferred to the Department of Biochemis- 
try at University College, London, towards the end of the year, a brief summary is given 
of the results thus far completed. The investigation has dealt mainly with the second 
stage of the activated sludge process, slow biological oxidation, as distinguished from the 
primary stage of clarification or absorption of organic matter by the sludge. 

Utilizing an experimental glass tank equipped with forced aeration, a systematic 
study of the bacteriology of the process was undertaken. Samples of activated sludge 
and of supernatant liquid were examined bacterially and also for B.O.D., using the usual 
dilution method and also the Bareroft respirometer, which permitted controlled tests of 
small samples undiluted or with a minimum of dilution. Bacterial and protozoal growths 
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were studied both quantitatively and qualitatively. A special effort was made to deter- 
mine experimentally the relative extent to which biochemical oxidation is induced by the 
action of viable bacteria, or protozoa, and by that of bacterial enzymes. 

The results of these experiments have led to the conelusion that the greater part if 
not all of the oxidation of sewage by air is dependent on the presence of certain enzymes, 
such as indophenol oxidase and dehydrogenases, in the sewage or sludge. The most potent 
source of enzymic activity appears to be bacterial cells and many, at least, of the dead 
bacteria present in sludge retain a fair degree of this oxidizing activity and because of 
their preponderating numbers, play an important part in the oxidation of sewage. The 
continued activity of sludge even when saturated with sewage, which enables it to oxicize 
the sewage it has already absorbed, suggests that although some of the constituents of 
sewage may be oxidized in true solution, a proportion is oxidized after adsorption on the 
surface of the sludge, whether or not that sludge be suspended in an aqueous medium. 

Attempts have been made to develop specialized sludges by feeding ordinary acti- 
vated sludge with particular substrates over long periods. The results suggest that more 
active sludges can be developed in this way but this result is not invariably obtained. 

Colloids in Sewage.—Earlier series of experiments on the effects of bubbles of air, 
oxygen, hydrogen and nitrogen in flocculating dispersed matter in sewage had suggested 
that the coagulation thus effected is due primarily to physical or chemical rather than to 
biological action. Further experiments carried out during the past year, which are de- 
scribed and their results presented, have indicated that an appreciable proportion of or- 
ganic matter in previously sterilized sewage can be coagulated at 25° C. by the bubbling 





processes above noted, but that the amount coagulated is less than with unsterilized 
sewage. Experiments also have been made on the electrodialysis of sewage and on tlie 
effects of additions of sewage and of proteins on the coagulation of suspensions of cla) 
by means of electrolytes. Small amounts of proteins increase the rate of coagulation, 
whereas greater amounts tend to protect the dispersed clay against coagulation. Similar 
effects, though not as definite, were produced by additions of sewage. 

River Mersey Investigation.—This investigation, the object of which is to determine 
the effect of discharging sewage on the nature and amount of solid matter deposited in 
the estuary, has been continued. Hydrographic records have been studied with a view 
to ascertaining the changes in channel capacity in the upper estuary. Observations of 
the movement of submerged floats in the estuary live been made over tides of different 
ranges. Large numbers of samples of mud have been collected, both from the Merse\ 
and, for comparison, from unpolluted estuaries in several other counties. The resistances 
of mud and other solid matter to erosion by water currents have been measured by two 
different methods. Information also has been obtained on the rate of sedimentation and 
state of aggregation of suspended matter in the estuary water. The observations are 
expected to be completed during 1936-37. 

Gas Works Effluents—The Liquor Effluents and Ammonia Committee of the Insti- 
tution of Gas Engineers has continued its study of methods of treatment and disposal ot! 
effluents from gas works and recovery of ammonia from coal gas. This study has in- 
cluded experiments on the effects of sewage containing gas works effluents on the deoxy- 
genation of water into which these wastes are discharged and on the effects of different 
concentrations of gas effluents on the purification of sewage by the activated sludge proc- 
ess. Additions of 0.4 per cent of ammoniacal liquor and 0.5 per cent of spent liquor to 
sewage had little effect on the rate of deoxygenation, though additions of 1 per eent to 5 
per cent increased this rate. The possible toxic effects of the gas liquor on the life of a 
river require consideration. The results obtained from treatment of sewage containing 
0.5 per cent of gas liquor were not so good as from sewage alone, though effluents of 
satisfactory quality were produced. 

The report, 55 pages in length, contains a large amount of valuable experimental 
data. Appended to it is a list of 19 publications issued during the year from the work 
of the Board. 


H. W. STREETER 
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REFERENCES TO SEWAGE LITERATURE 
(December, 1936, and January, 1937) 
American City 


December, 1936. 
‘*Good Operating Results at Iowa City Sewage Works.’’ T. D. Kendall, pp. 53-55, 
‘¢Experience with Sewer Rentals,’’ pp. 57-58, 
‘*New Intercepting Sewer for La Crosse, Wisconsin,’’ pp. 67-69, 


January, 1937. 


** Activated Sludge Plant Converted from Septic Tanks,’’? pp. 49-50. 


Engineering News-Record 


December 10, 1936. 

‘*Novel Practices in English Sewage Treatment.’’ W. Rudolfs, pp. 819-822. 
December 24, 19386. 

‘“Centralized Sewage Disposal for Greater London Area,’’? pp. 891-892. 
January 14, 1987. 

**Cost of Cities’ Sanitation Service,’’? pp. 56-57. 

“St. Louis Grinds its Garbage,’’ pp. 58-61. 


Municipal Sanitation 


December, 19386. 

‘“New Irondequoit Sewage Plant Put into Serviece.’’? K. J. Knapp, pp. 422-424. 

‘*Operation of Holders for Sewage Gas.’’ H. W. Alrich, pp. 425-427. 

‘*Texas Experiment Station Tests Chemical Precipitation,’’ pp. 427, 438. 

‘*U, §. Agricultural Research Center Operates Novel Sewage Works.’’ K. K. King, 
pp. 428-432. 

‘*Treatment by Chemical Precipitation Costs 10-20 Cents per 1000 Gals.,’’ p. 432. 

‘*Combined Incineration of Sewage Sludge and Garbage,’’ pp. 483-434. 

**San Francisco Undertakes Large Sewage Treatment Problem.’’ J. J. Casey, pp. 
435-436, 450. 

‘Status of Sewage and Industrial Waste Disposal in Maryland, Mississippi and 
Utah.’’ A. Wolman and G, L. Hall, H. H. Kroeze and L. M. Thatcher. 

““Testing Sewer Lines for Infiltration.’’ J. T. Campbell, p. 447. 

‘“Benefits of Activated Carbon in Sewage.’’ TT. J. Smith, p. 449. 


January, 1987. 
“*Recent Achievements in Sewage Treatment.’’? J. F. Skinner, pp. 21-24. 
‘*Developments and Trends in Industrial Wastes Disposal.’’ EF. M. Dawson and H. 
W. Ruf, pp. 25-28, 
‘“Tndustrial Waste Treatment Reviewed by Wisconsin Dept.,’’ p. 28. 
‘“Sewage Plant Mechanization—an Accelerating Trend.’’ H. W. Taylor, pp. 29-82. 
‘“Tvends in Chemical Treatment of Sewage.’’ C. C. Agar, pp. 33-36. 
‘Present Status of Incineration of Sereenings and Sludge.’’ G. B. Gascoigne, pp. 
37-39. 
‘“What Progress in Stream Sanitation???’ A. Wolman, pp. 40-41. 
‘*Causes of Foaming in Digesters and Methods of Correction,’’ p. 41. 
“*Sewer Construction and Maintenance.’’ E. T, Killam, pp. 44-46. 
‘*What Does the Future Hold for Sewage Treatment?’’ p. 49. 
‘‘Metering, Gaging and Controlling Sewage Works Operation,’’ pp. 61-62. 
‘*Sewage Treatment of To-day in Western Europe.’’ W. Rudolfs, p. 65. 
‘*Sewage and Industrial Wastes Disposal in Florida.’’ T. 8S. Kennedy, p. 104. 
‘‘Laboratory Control of Sewage Treatment.’’ F. W. Gilereas, pp. 108-110. 
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Public Works 


December, 1936. 
‘¢The Mogden, England, Very Complete Sewage Treatment Works,’’ pp. 11-12. 
‘*Repairing and Lining an Old Sewer in Indianapolis.’’ M. G. Johnson, pp. 17-15 
‘‘Los Angeles County Sanitation District’s Ocean Outfall Sewer.’’ C. F. Greev 


Carpenter, pp. 41-43. 


January, 1937. 

“© A 1936 Model Sewage Disposal Plant.’’ R. A. Orput, pp. 11-12. 

‘¢Rehabilitating a Large Sewer of Inadequate Strength.’’ J. P. Reinheimer and TH 
E. Senf, p. 15. 

‘‘Eeonomie Considerations in Treatment of Industrial Wastes.’’ M. J. Blew, 
54-55. 

‘¢Liquid Wastes Contributed by Industries,’’ p. 55. 

“Liquid Industrial Wastes in Wisconsin,’’ pp. 56-57. 


Water Works and Sewerage 


December, 19386, 
‘<Convention of Central States Sewage Works Association,’’ pp. 495-462. 


‘‘World’s Largest Sewage Association Meets in Geneva, N. Y.,’’ pp. 474-479. 


January, 1937. 
‘Gas Engine Installation, Aurora, Ill. Part I. The Plant Arrangement.’’ W. A 
Sperry, pp. 11-15. 
‘Sludge Disposal by Incineration.’’ P. B. Streander, pp. 18-24. 














Federation of Sewage Works Associations 





OFFICERS OF LOCAL ASSOCIATIONS 


Arizona Sewage Works Association 


President: John A. Carollo, Phoenix. 

Vice-President: George E. Marx, Tueson. 

Secretary-Treasurer: Bernard J. MeMorrow, Phoenix. 

Representatives, Board of Control: Phil J. Martin, Tucson; Dario Travaini, Phoenix. 


California Sewage Works Association 


President: Ki. A. Reinke, Berkeley. 

First Vice-President: R. F. Goudey, Los Angeles. 

Second Vice-President: Alexander Bell, San Francisco. 

Secretary-Treasurer: R. R. Ribal, Oakland. 

Directors: W. A. Allen, Pasadena; J. I. Ballard, San Franciseo; J. F. Smith, San 
‘raneiseo; J. F. Byxbee, Palo Alto; A. M. Rahn, Los Angeles. 

Representatives, Board of Control: C. G. Gillespie, Berkeley; H. F. Gray, Berkeley. 


Central States Sewage Works Association 


President: H. KE. Babbitt, Urbana, Tl. 

First Vice-President: F. M. Dawson, Iowa City, Iowa. 

Second Vice-President: George J. Schroepfer, St. Paul, Minn. 

Third Vice-President: B. A. Poole, Indianapolis, Ind. 

Secretary-Treasurer: Gus H. Radebaugh, Urbana, III. 

Representatives, Board of Control: W. W. DeBerard, Chicago, Ill.; James L. Fere- 
e, Milwaukee, Wis. 


Dakota Water and Sewage Works Conference 


oRTH DAKOTA SECTION 


President: Ora C. Ayliffe, Fargo, N. D. 
Vice-President: S. IK. Svenkeson, Minot, N. D. 
secre tary-Treasurer: M. D. Hollis, Bismarck, N.D: 


utH DAKoTA SECTION 

President: Irvin J. Bell, Mobridge, S. D. 

Vice-President: Alfred Ross, Huron, S. D. 

Secretary-Treasurer: W. W. Towne, Pierre, S. D. 

Representatives, Board of Control: M. D. Hollis, Bismarck, N. D.; W. W. Towne, 
Pierre; >. D: 


Federal Sewage Research Association 


President: L. M. Fisher, Washington, D. C. 

Vice-President: C. T. Wright, Washington, D. C. 

Secretary-Treasurer: TH. W. Streeter, Cincinnati, Ohio. 

Executive Committee: L. M. Fisher, Washington, D. C.; C. T. Wright, Washington, 
H. W. Streeter, Cincinnati, Ohio; C. T. Butterfield, Cincinnati, Ohio; C. C. 


Ruchhoft, Cineinnati, Ohio. 


Knoxville, Tenn. 





Representatives, Board of Control: A. P. Miller, New York City; W. G. Stromquist, 
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Georgia Water Works and Sewage Operators’ Association 


President: Car] Alexander, Rome. 

First Vice-President: Lewis DeJarnette, Atlanta. 
Second Vice-President: Lewis Simonton, Griffin. 
Secretary-Treasurer: Paul Weir, Atlanta. 


> 


Representatives, Board of Control, Garrett Davis, Clarkdale; Gilbert R. Frith, 
Atlanta. 


Iowa Wastes Disposal Association 


President: W. E. Galligan, Ames. 

Vice-President: EK. EK. Truckenmiller, Sibley. 

Secretary-Treasurer: Lindon J. Murphy, Ames. 
Directors: Elmer E. Dye, Mason City; W. W. Walker, Cedar Rapids. 


Representatives, Board of Control: A. H. Wieters, Des Moines; Earle L. Waterman, 


Iowa City. 
Kansas Water and Sewage Works Association 


President: Frank E. Willey, Lawrenee. 
Vice-President: H. H. Huffman, Topeka. 
Vice-President: C. A. Sanderson, Lyndon. 
Vice-President: D. H. Rupp, Topeka. 
Vice-President: EK. W. Merrifield, Wellington. 
Secretary-Treasurer: Earnest Boyee, Lawrence. 


Representatives, Board of Control: Earnest Boyce, Lawrence; Frank E. Willey, 


Lawrence. 
Maryland-Delaware Water and Sewerage Association 
President: James V. Cannen, Hagerstown, Md. 
First Vice-President: Edward S. Hopkins, Baltimore, Md. 
Second Vice-President: C. J. Bruce, Cumberland, Md. 
Secretary-Treasurer: A. W. Blohm, Baltimore, Md. 


Representatives, Board of Control: Harry R. Hall, Hyattsville, Md.; Abel Wolman, 


Baltimore, Md. 


Michigan Sewage Works Association 


President: E. C. Miller, Cleveland, Ohio. 

Vice-President: T. L. Jackson, St. Ignace. 

Secretary-Treasurer: W. F. Shephard, Lansing. 

Directors: Vineent Madison, Highland Park; W. L. Mallman, Kast Lansing. 


Representatives, Board of Control: H. A. Olsen, Ann Arbor; J. R. Rumsey, New 


York City. 
Missouri Water and Sewerage Conference 


Chairman: W. V. Weir, St. Louis. 

Vice-Chairman: W. B. Grenshaw, Chillicothe. 

Secretary-Treasurer: A. G. Nolte, Jefferson City. 

Executive Committee: E. 8S. Flannery, Platte City; Lewis MeVay, LaPlata; Edward 


Myers, Maryville; H. E. Newell, Webb City; Elrow Crane, Columbia; Chas. Stadler, 


Jefferson City. 
Representative, Board of Control: Ralph KE. Fuhrman, Springfield. 
New England Sewage Works Association 


President: Stephen DeM. Gage, Providence, R. I. 
Vice-President: John H. Brooks, Jr., Worcester, Mass. 
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Secretary-Treasurer: F. Wellington Gilcreas, Albany, N. Y. 

Directors: Roy W. VanKleeck, Hartford, Conn.; Arthur B. Weston, Boston, Mass. 

Representatives, Board of Control: Roy W. VankKleeck, Hartford, Conn.; Arthur 
B. Weston, Boston, Mass. 


New Jersey Sewage Conference 


Chairman: Willem Rudolfs, New Brunswick. 

Vice-Chairman: Asher Atkinson, New Brunswick. 

Secretary: Richard C. Smith, Glen Ridge. 

Treasurer: Willem Rudolfs, New Brunswick. 

Representatives, Board of Control: Willem Rudolfs, New Brunswick; Richard C. 
Smith, Glen Ridge. 


New York State Sewage Works Association 


President: Charles C. Agar, Albany. 

Vice-President: Fred J. Biele, Huntington. 

Secretary-Treasurer: Arthur S. Bedell, Albany. 

Executive Committee: C. C. Agar, Albany; Thorndike Saville, New York City; W. 
W. Watkins, Oneonta; Fred J. Biele, Huntington; Harry W. Eustanece, Ithaca; Thomas 
J. Smith, Newark, New York; Edward J. Kileawley, Troy; Charles W. McBreen, 
Orangeburg; Newell L. Nussbaumer, Buffalo. 

Advisory Member: Linn H. Enslow, New York City. 

Representatives, Bourd of Control: Linn H. Enslow, New York City; Charles C, 
Agar, Albany. 


North Carolina Sewage Works Association 


President: H. G. Baity, Chapel Hill. 

Vice-President: H. EK. Thompson, Chapel Hill. 

Secretary-Treasurer: A. H. Hollett, Chapel Hill. 

Representatives, Board of Control: H. G. Baity, Chapel Hill; Wm. M. Piatt, 


Durham. 


Ohio Sewage Works Conference Group 


President: C. D. MeGuire, Columbus. 

Vice-President: Floyd G. Browne, Marion. 

Secretary-Treasurer: Frank Woodbury Jones, Cleveland. 

Representatives, Board of Control: Floyd G. Browne, Marion; C. D. MeGuire, 


Columbus. 


Oklahoma Water and Sewage Conference 


President: Ed. Stoekton, Stillwater. 

Vice-President: EK. M. Evans, Fairview. 

Secretary-Treasurer: H. J. Darcey, Oklahoma City. 

Representatives, Board of Control: T. G. Banks, Oklahoma City; H. J. Dareey, 


Oklahoma City. 


Pacific Northwest Sewage Works Association 


President: Roy M. Harris, Seattle, Wash. 

First Vice-President: R. E. Koon, Portland, Oregon. 

Second Vice-President: R. F. McClean, Walla Walla, Wash. 

Secretary-Treasurer: Fred Merryfield, Corvallis, Oregon. 

Representatives, Board of Control: Roy M. Harris, Seattle, Wash.; R. EK. Koon, 
Portland, Oregon. 
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Pennsylvania Sewage Works Association 


President Emeritus: Elton D. Walker, State College. 

President: R. R. Cleland, State College. 

First Vice-President: F. 8. Friel, Philadelphia. 

Second Vice-President: C. F. Grace, Polk. 

Secretary-Treasurer: L. D. Matter, Wilkes-Barre. 

Editor: J. R. Hoffert, Harrisburg. 

Representatives, Board of Control: C. A. Emerson, Jr., New York City; H. EK. 


Moses, Harrisbure. 


Rocky Mountain Sewage Works Association 


President: R. W. Gelder, Greeley, Cal. 

Secretary-Treasurer: Dana E. Kepner, Denver, Col. 

Directors: Charles A. Davis, Denver, Col.; L. O. Williams, Cheyenne, Wyo. 
Representatives, Board of Control: J. W. McCullough, Denver, Col.; L. C. Osh 


Loveland, Col. 


Sanitary Engineering Division of the Argentine Society 
of Engineers (Argentina) 
President: Juan B. Berrino, Buenos Aires. 
Secretary: Hugo Albertelli, Buenos Aires. 
Representatives, Board of Control: Juan B. Berrino, Buenos Aires; E. B. Bes 


lievre, Buenos Aires. 





Sewage Division, Texas Section, S. W. W. A. 


President: L. A. Quigley, Fort Worth. 

First V ice-Preside nt: W. F. Hicks, Paris. 

Second Vice-President: J. D. Rogers, Port Arthur. 

Third Vice-President: Robert W. Harding, San Antonio. 

Fourth Vice-President: Ashley G. Classen, El Paso. 

Secretary: V. M. Ehlers, Austin. 

Assistant Secretary-Treasurer: Mis. Karl H. Goodwin, Austin. 

Representatives, Board of Control: V. M. Ehlers, Austin; W. S. Mahlie, Fort Worth 


The Canadian Institute on Sewage and Sanitation 


Past-President: G. H. Ferguson, Ottawa. 

President: Grant R. Jack, Toronto. 

Vice-President: Norman J. Howard, Toronto. 

Secretary-Treasurer: A. K. Berry, Toronto. 

Trustees: T. J. LaFreniere, Montreal; W. C. Miller, St. Thomas. 

Representatives, Board of Control: A. . Berry, Toronto; Grant R. Jack, Toronto 


The Institute of Sewage Purification (England) 


President: Joshua Bolton, Bury. 

General Secretary: J. B. Croll, Surrey. 

Treasurer: C. H. Ball, Manchester. 

Secretary, Federation Affiliate: J. H. Garner, Wakefield. 


Representatives, Board of Control: J. B. Croll, Surrey; J. H. Garner, Wakefield. 


The Institution of Sanitary Engineers (England) 


President: F. C. Temple, Sussex. 
Hon. Treasurer: J. W. Hammond, Essex. 
Secretary: A. D. Hamlyn, London. 


Representative, Board of Control: A. D. Hamlyn, London. 
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Argentine Society of Engineers 


Mr. Hugo Albertelli, Secretary, Eduardo Acevedo 297, Buenos Aires, So. America 
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Plata, Buenos Aires, So. Amer. 
sperue, Horacio E., Libertad 688, Santiago Valencon, Luis R., Thames 3271, Buenos Aires, 


lel Estero, So. Amer. So. Amer. 


Arizona Sewage Works Association 


Mr. Bernard J, MeMorrow, Secretary-Treasurer, Maricopa County Health Dept., Room No. 9, 


County Court House, Phoenix, Ariz. 


Rennett, Richard, 80 West Willetta St., Phoe- Hireock, Charles W., 322 West B Ave., Glen- 
nix, Ariz. dale, Ariz. 

Carollo, John A., Headman-Furgeson Co., Ladlow, John W., 371 Orme Ave., Phoenix, 
Homebuilders Bldg., Phoenix, Ariz. Ariz. 
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MeMorrow, Bernard J., Room 9, Court House, 
Phoenix, Ariz. 

Martin, Phil. J., City Water Dept., Tucson, 
Ariz. 

Marx, George, County 
Ariz. 


Health Unit, Tucson, 
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Roberts, F. C., Jr., State Sanitary Engineer, 
State Board of Health, State Bldg., Annex, 


Phoenix, Ariz. 
Travaini, Dario, Phoenix Sewage Treatment 


Plant, So. 23rd Ave., Phoenix, Ariz. 


California Sewage Works Association 


Mr. R. R. Ribal, Seeretary-Treasurer, 701 City Hall, Oakland, Calif. 


Abbott, C. B., 501 Howard St., San Francisco, 
Calif, 

Adams, Walter H., County Surveyor’s Office, 
1633 Ard Elven Ave., Glendale, Calif. 

Allen, Wm. A., Asst. Supt., Sewage Disposal 
Plant, 1118 No. Hudson Ave., Pasadena, 
Calif. 

Arndt, Charles, Dependable Grease Intercep- 
tor, Mfgr. Plumbing and Heating, 110 Win- 
ston St., Los Angeles, Calif. 

Arnold, G. E., Millbrae, Calif. 

3ackus, Geo. S., 2900 Glascock St., Oakland, 
Calif. 

Banks, Harvey O., 202-B Third St., Watson- 
ville, Calif. 

Banta, A. Perry, 
County Sanitation Dists., 139 North Broad- 
way, Los Angeles, Calif. 

905 Edison Bldg., Los 


Engineer, Los Angeles, 


sarnard, Archer E., 
Angeles, Calif. 
3atty, Frederic A., Civil Engineer, 745 City 
Hall, Los Angeles, Calif. 

3eale, Ed. W., Chief Div. Plumbing and Hous- 
ing, City of San Diego, 739 Fourth St., San 
Diego, Calif. 

Beard, Paul J., 
Alto, Calif. 

Bedesen, W. E., Engineer and 
Shaffer Bldg., Merced, Calif. 

Beisel, C. G., 925 S. Grand Ave., Los Angeles, 
Calif. 

Bell, Alexander, Pacific Coast Mgr., Wallace 

Ine., 171 Seeond St., San 


Stanford University, Palo 


Surveyor, 


& Tiernan Co., 
Franciseo, Calif. 

Benas, Benjamin, City Engineer’s Office, City 
Hall, San Francisco, Calif. 

3ennett, Harmon, 2069 Watson St., Glendale, 
Calif. 

Berkeley, City of, Berkeley, Calif. 

Beyer, A. C., Wallace & Tiernan Co., Ine., 171 
Second St., San Francisco, Calif. 

3ishop, H. N., City Engineer, P.O. Box 587, 
Sunnyvale, Calif. 

Blood, Chas. R., Ass. City Engineer, City Hall, 
Sacramento, Calif. 

Bowen, M. R., 205 N. Greenleaf St., Whittier, 


Calif. 





Bowlus, Fred D., 1105 So. Broadway, 4th 
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Brookman, H. R., U. S. Lime Products Corp., 
85 Second St., San Francisco, Calif. 

Brown, E. L., 124 N. Dill, Los Angeles, Calif. 
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Stockton, Calif. 
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Campbell, A. N., Mayor of Leichhardt, Sid- 
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Castello, W. C., Supt. of Sewer Dept., City 
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1920 Osborne Pl., New 
Macon St., Brooklyn, 
Park Ave., New 
State 


Dorlands Ave., Toronto, 


Grand 


SEWAGE WORKS JOURNAL 


Olean, 


York, 


Re 


York, 





Mareh, 1937 





Rock, Harold F., 400 Durnan St., Roches 
N.Y. 

Rogel, Albert C., 
York, N. Y. 

Rogers, Allan 
City, N.Y. 

Samuel, 99 Olean St., Bolivar, N. Y. 

Ryan, Louis J., Creedmoor State Hospital 
Queens Village, L. I., N. Y. 

Ryan, Wm. A., 202 Wimbledon 
chester, N. Y. 

Ryon, Henry, State Dept. of 
Albany, N. Y. 

Sammis, L. A., ¢/o Pilgrim State Hos} 
Brentwood, L. I., N. Y. 

Samson, Channel, 102 Parker Blvd., Kenn 
ae 

Sanborn, J. F., 30 
N: Y.. 

Saron, Fred E., 
oe 

Savage, 
N.Y. 

Saville, Thorndike, Prof., Hydraulic and S: 

York U1 


versity, University Heights, N. Y. 


68 Washington Sq., New 
H., 110 Seventh St., Gar 


Ryan, J. 


Road, Ro 


Publie We 


Chureh St., New Y 


> , 
TOOK 


1749 Albany Ave., 


Edward, 120 Broadway, New \ 


tary Engineering, Box 65, New 


Process Co., | 


York, N.Y. 


Schad, Fred, Bio Reduction 


2046, Graybar Bldg., New 


Schaefer, Edward J., 111-31 125th St., Ricl 
mond Hill, N. Y. 
Scherer, Paul, 761 East 51st St., Brook: 


N.Y. 

Schreiner, W. R., ¢/o Dr. Burke Diefend 
412 Rogers Bldg., Glens Falls, N. Y. 
Seott, Rossiter S., 112 Park Ave., New ¥ 

ae 
Scott, Roy D., 

N.Y. 
Scudder, Aubrey P., 80 

ville Centre, N. Y. 
77 Highview Ave., Tuc 


State Hospital, Central Is 
Hamilton St., Rock 


Seifert, William P., 
hoe, N. Y. 

Seitz, Cecil F., 427 City Hall, Buffalo, N. Y. 

Shaw, D. J., 69 South Oxford St. (Times 
Plaza Sta.), Brooklyn, N. Y. 

Sheppard, Frederick, 24 West 40th St., New 
York, N.Y. 

Shockley, Homer G., 
Brooklyn, N. Y. 

Sigworth, E. A., 48 
N. J. 

Silverstone, J. J., Municipal Engineer, 89-(4 
34th Ave., Jackson Heights, L. I., N. Y. 
Simplex Valve and Meter Co., 342 Madison 
Ave., New York, N. Y. 
Skinner, Harris E., 60 E. 

York, Ny Xi. 


7004 Colonial Road, 


Place, Teaneck, 


Minell 


42nd St., New 
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Skinner, J. F., 3333 West 4th St., Los 
Angeles, Calif. 

Skinner, Sherman A., Monticello, N. Y. 

Smith, E. A. Cappelen, 120 Broadway, New 
York, N. Y. 

Smith, Harold, 143 North Long Beach Rd., 
Rockville Centre, N. Y. 

John J., 41-19 95th St., Elmhurst, 


Tt 


Ne: es 
Smith, L. R., 4 Pine St., Canton, N. Y. 
S h, T. J., 273 Murray St., Newark, N. Y. 
Willis James, 16 Friendship Street, 


w London, Conn. 
S er, N. S., 331 Ellicott Square, Buffalo, 
Ne 
S non, G. R., 257 Broadway, Troy, N. Y. 
S y Sales Corp., Att: Mr. C. Grossman, 
) Rector St., New York, N. Y. 
Ss r, A. E., 297 Ocean, Ave., Brooklyn, N. Y. 
Speirs, George W., 115-91 223rd St., St. 


hibans: i. EON. Y. 
¢ . Fred J., Lineoln Hall, Cornell Univer- 
Ithaca, N. Y. 
Stalbird, James A., State Engr., Paul Smith 
g., Saranac Lake, N. Y. 
St v, John J., 1 Park Place, Cobleskill, 


pe 

Steffensen, S. W., 125 Worth St., Room 821, 
New York, N. as 

Stephens, Thomas C., 60 East 42nd St., Room 
1413, New York, N. Y. 

Sterns, Edward A., 207 Long Ave., Hamburg, 

ie 
Stilson, Alden E., ¢/o Morse, Boulger De- 


ructor Co., 202 E. 44th St., New York, 


Streander, P. B., 11 West 42nd St., New 


PES INS Ws 

Strowbridge, John C., Supt. of Water and 
Sewers, Dundee, N. Y. 

Stuart, Fred E., 230 Park Ave., New York, 
N. Y. 

Sturges, William T., Pearl River, N. Y. 

Summers, George J., 502 City Hall, Buffalo, 
ue 

Summers, Richard, E. J., Pres., 247 Park Ave., 


New York, N. Y. 
Sutherland, Henry M., 242 S. Grove St., Free- 
+ Ba a 
Sweeney, R. C., Division of Sanitation, State 
Dept. of Health, Albany, N. Y. 
Sweeney, Willard G., 67 Mason Ave., Baby- 
lon, N. Y. 


Sylvester, William, 54 Lafayette Street, New 


York; N. ¥. 


Taggart, Robert S., 268 Guy Park Avenue, 


Amsterdam, N. Y. 
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Tallamy, R. D., 5488 Main Street, Williams- 
ville, N. Y. 

Taylor, Henry W., 11 Park Place, New York, 
isa & 

Taylor, Warren G., 38 Union Ave., Schenee- 
tady, N. Y. 

Taylor, Wm, Gavin, Military Park Bldg., 60 
Park Place, Newark, N. J. 

Tetzlaff, Frank, 4652 Spuytan Duyvil Park- 
way, The Bronx, New York, N. Y. 

Thomson, F. N., 268 Guy Park Ave., Amster- 
dam. N: ¥; 

Thornton, Edward, Box 273, Katonah, N. Y. 

Thrasher, William E., 22 Halstead Ave., 
Mamaroneck, N. Y. 

Tiedeman, W. D., Division of Sanitation, 
State Dept. of Health, Albany, N. Y. 

Timmers, Walter W., State Dept. of Public 
Works, Division of Engineering, State Of- 
fice Bldg., Albany, N. Y. 

Tolman, S. L., c/o Jeffrey Mfg. Co., 1st Ave. 
at 4th St., Columbus, Ohio. 

Van Denburg, J. W., 312 Mamaroneck Ave., 
White Plains, N. Y. 

Van Deusen, E. J., 21 Pearl St., Malone, N. 
Ye 

Velz, C. J., 528 Grove St., Westfield, N. J. 

Vrooman, Morrell, 10 N. Main St., Glovers- 
ville, N. Y. 

Waag, Joseph P., 1406 Crossbay Blvd., Broad 
Channel, L: I... N. Y¥. 

Wagenhals, H. H., 305 Herald Bldg., Syra- 
cuse, N. Y. 

Wagner, Edward P., 55 West 42nd St., New 
York, N. Y. 

Walker, Chas. L., 201 Fairmont Ave., Ithaca, 
i ae 

Walker, John, 125 Worth St., New York, N. 
x 

Warde, John S., 50 Chureh St., New York, N. 
Ys 

Watkins, William W., 130 East St., Oneonta, 
N. Y. 

Watson, Carl H., Great Neck, Nassau County, 
Nek 

Watson, George L., 11 West 42nd St., New 
York, N. ¥. 

Welsch, W. Frederick, 159 St. Pauls Road, N., 
Hempstead, N. Y. 

Westcott, Arthur, Inst. for Male Defective 
Delinquents, Napanoch, N. Y. 

Weston Company, L. A., Dean St., Adams, 
Mass. 

Wheeler, Robert C., 36 State St., Albany, N. 
¥ 

Wigley, Chester G., 3108 Atlantic Avenue, At- 

lantie City, N. J. 
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Willecomb, George E., 12 South Lyons Ave., 
Albany, N. Y. 

Williams, R. L., e/o Guggenheim Bros., Lab., 
202nd St. and 10th Ave., New York, N. Y. 

Willis, Oliver E., 227 New 
York, N. Y. 

Wing, F. K., 1314 Prudential Bldg., Buffalo, 
No x. 

Winslow, George W., 61 Keene Ave., Floral 
Park: 9404., Noy. 

Wiseman, Eugene R., 321 
aroy, 0.2. 

Wood, Herbert M., 
Freeport, N. Y. 

Woodford, John R., 121 Spence Street, Ithaca, 
Nee. 





Audubon Ave., 


Seventh Ave. N. 


117 W. Sunrise Highway, 
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Wyckoff, Charles, 1239 New York Post Road, 
Scarsdale, N. Y. 
Wright, L. H., Supt. of 
Newark, N. Y. 
Yatteau, George A., 
Rochester, N. Y. 
Young, W. W., 


Commission, 


Sewers, City Hall, 


1000 Winton Road N.. 
Westchester Co. Sanitary 
Office Bldg 


Sewer County 2. 
White Plains, N. Y. 

Zack, Filtration 
Corp., 10 East 40th St., New York, N. Y. 

Zeigler, Frederick C., 95 Stratford Ave., W 
Plains, N. Y. 


Zuppinger, William, Blasdell, N. Y. 


Samuel I., c/o Equipm 


North Carolina Sewage Works Association 


Mr. A. R, 
Chapel 


Abell, D. S., Asst. Engr., 6 Maiden Lane, Ra- 
leigh, N. Car. 

Bain, Ernest B., 120 New Bern Ave., Raleigh, 
N. Car. 

Baity, H. G., Professor, Sanitary and Munici- 
pal Engineering, University of North Caro- 
lina, Chapel Hill, N. Car. 

Benton, L. J., Supt. Water and Light Dept., 
Fremont, N. Car. 
Booker, Warren H., 
Sanitation, State Board of Health, Raleigh, 

N. Car. 

Pridgers, J. H., Mgr., Henderson 
Works, Bldg., 108 W. 
Street, Henderson, N. Car. 

Burchard, Edwin D., District Engineer, U. 8. 

Ashie- 


Director, Division of 


Water 


Municipal Young 


Geo. Survey, 220 Post Office Bldg., 
ville, N. Car. 

Davis, H. F., Dist. Mgr., Wallace & Tiernan 
Co., Inc., 1720 Beverly Drive, Charlotte, N. 
Car. 

Dawson, T. Thomas, Harwood Beebe Company, 
208 Montgomery Bldg., Spartanburg, 8. 
Car. 

Doane, Norman D., 500 Queens Road, Char- 
lotte, N. 

Doggett, F. G., 
Car. 

Ebert, R. E., 
Treatment Works, Winston-Salem, N. Car. 

City Engineer, and Supt. 


Car. 

Disposal Plant, Mt. Airy, N. 

Chemist, Municipal Sewage 

English, Jas. A., 
Waterworks, Salisbury, N. Car. 

Evans, Wm. J., Filter Plant Operator, Box 
819, Oxford, N. Car. 

Fisher, L. A., Supt. Bd. of Water and Light 
Comm., Box 198, Concord, N. Car. 


Hollett, Secretary, Dept. of San. Engineering, University of 


Hill, 


North Carolina, 
N. Car. 


Ford, T. Bartow, Jr., ¢/o Andrews and Georg 
Co., Inc., 5 Shiba Park, Tokyo, Japan. 
Franklin, W. M., 3162, Dilworth Sta. 
Charlotte, N. 
Paul W., 
Chemical Laboratory, American Enka Cor 
30x 45, Enka, N. 
Geyer, John C., University of North Carolina, 
Chapel Hill, N. Car. 
Hall, W. H., Prof. Civil 

University, Durham, N. Car. 
Harrell, J. W., 
tary Dist., Roanoke Rapids, N. 
Heyward, T. C., Mech. and Elec. Engineer, 
1408 Independent Bldg., Charlotte, N. Car. 
Hollett, A. R., Civil 
University of 
Chapel Hill, N. 


Kellogg, James W., Bact. and Chemist, State 


Box 
Car. 
Chemieal 


Frisk, Engineer, Chief 


poration, Car. 


Engineering, Duke 
Supt., Roanoke Rapid Sani 


Car. 


Engineering, 
Box 281, 


Instr. in 
North 
Car. 


Carolina, 


Lab. of Hygiene, Raleigh, N. Car. 
Kennerly, DeKalb, Supt. Water Dept., States 
ville, N. Car. 
H., Mgr. 


missioners, Hendersonville, N. Car. 


Lampley, J. 3Joard of Water Com 


Sanitary Engineer, Consoli- 
Car. 


Lassiter, L. I., 
dated Bd. of Health, Wilmington, N. 

Lyon, A. S., Supt of Public Works, Rocky 
Mount, N. 

MeMillian, R. S., Supt. Water Dept., Raeford, 
N. Car. 

Magee, W. G., Supt. Water and Light Dept., 
Box 452, Morehead City, N. Car. 

Martin, J. C., Supt., Municipal Light and 
Water Dept., Tarboro, N. Car. 


Car. 
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Maxwell, Joseph M., Operating Engineer, Smedberg, C. W., 315 Woodbine St., Greens- 


Northside Sewage Treatment Plant, P.O. boro, N. Car. 

30x 508, East Durham, N, Car. Swartz, Martin, Supt. Water and Light 
Meredith, E. P., Supt. Water Works, Wash- Comm., Greenville, N. C. 

ington, N. Car. Thomas, E. R., Supt., Municipal Water Dept., 
Merritt, Will D., Supt. Water Dept. and City Burlington, N. C, 

Engineer, Mount Airy, N. Car. Thompson, H. E., Supt. of Filtration, Uni- 
Michie, John C., Supt. Water Dept., Durham, versity of N. Car., Chapel Hill, N. Car. 

N. Car, ; ; Thompson, Meredith, Dr., Asst. Engineer, 
M e, Geo. S., Supt. Water and Light Dept., State Board of Health, Raleigh, N. Car. 

Albermario, N. Car, Thorpe, D. W., Hamlet Water Co., Hamlet, N. 
Moss, E. H., Supt. of Plants, High Point, N. itis 


Trice, M. F., Assistant Engineer, State Board 
of Health, Raleigh, N. Car. 
True, Albert O., Sanitary Engineer, Denim 


Nance, E. L., Route No. 3, Charlotte, N. Car. 
Parks, W. J., Supt. Water Sheds, Asheville, 


Swannanoa, N. Car, ae : 
Branch, Proximity Manufacturing Co., 


Perkins, J. L., Supt. Municipal Water and é 
Light Dept., High Point, N. Car. Greensboro, N. Car. 

Paitiine, 3. &., 826 EB. Teinity Ave: Dovhan. Tull, E. R., Supt. Municinal Water Plant, 
iv Cas: Rockingham, N. Car. 

Piatt, Wm. M., Consulting Engineer, Durham, Vest, W. E., Supt. Water Works, Charlotte, 
N. Car. N. Car. 

Potter, R. M., Hartford, N. Car. Williams, Macon W., Lenoir, N. Car. 

Rhyne, C. E., Supt. Water Works, Gastonia, Witty, T. E., Water Department, Thomasville, 
N. Car. N. Car. 

Seaman, Henry, Champion Fibre Co., Canton, Yow, W. E., Supt. Water Dept., Asheboro, N. 
N. Car. Car. 


Ohio Sewage Works Conference Group 


Mr. Frank W. Jones, Secretary-Treasurer, 1140 Leader Building, Cleveland, Ohio 


\llton, Robert A., City Hall, Columbus, Ohio. Bonney, O., Sewerage Relief Engineer, City 
Andrews, Carl S., 1417 Regent, Cincinnati, Hall, Columbus, Ohio. 
Ohio. Broestl, Andrew J., 1283 Hird Ave., Lake- 
\rnold, Walter, Easterly Sewage Treatment wood, Ohio. 
Works, East 140th St. and Lake Shore Browne, Floyd G., Box 134, Marion, Ohio. 
Bivd., Cleveland, Ohio. Burger, A. A., Engineer, 3306 Elsmere Road, 
Avery, J. W., 2171 Atkins Ave., Rocky River Shaker Heights, Cleveland, Ohio. 
Branch, Cleveland, Ohio. Burnett, R. E., Box 134, Marion, Ohio. 
Backherms, A. B., Assistant Engineer, City Cameron, A. B., Hotel Otsego, Jackson, Mich. 
of Akron, Ohio, Case School of Applied Science, Att: Pro- 
Backherms, Louis E., 549 Court House, Cin- fessor George E. Barnes, Dept. of Civil 
cinnati, Ohio. Engineering, Euclid Ave. opposite Wade 
Bahlmann, Clarence, Water Purification Su- Park, Cleveland, Ohio. 
visor, Cincinnati Filtration Plant, Cali- Clover, I. N., 4802 Helene Ave., Youngstown, 
fornia, Ohio. Ohio. 
Barnes, George E., Prof., Case School of Collier, James R., 2177 Harwood St., Elvria, 
Applied Science, Cleveland, Ohio. Ohio. 
Barton, Ben H., 207 Locust St., Findlay, Corbin, Lee, Supt. Water and Sewers, Barnes- 
Ohio. ville, Ohio. 
Bartow, Leslie W., 211 East Hudson St., Craun, J. M., 30 Euclid Arcade, Cleveland, 
Columbus, Ohio. Ohio. 
Behnke, Geo. C., 400 E. College St., Oberlin, Critzer, W. H., 137 Crestview Road, Colum- 
Ohio. bus, Ohio. 


Blanchard, H. E., c/o A. H. Fretter, 603 S. Cummins, Walter, 2021 Mason St., Toledo, 
Broadway, Medina, Ohio. Ohio. 








366 SEWAGE WORKS JOURNAL 


Dakin, Morrill, 424 West Hill Crest Ave., 
Dayton, Ohio. 

Dick, George C., Supt., Berea College, Berea, 
Ky. 

Dittoe, .W. H., Chief Engineer, Mahoning 
Valley San. Dist., 901 City Bank Bldg., 
Youngstown, Ohio. 

Dixon, G. Gale, Home Savings & Loan Bldg. 
Youngstown, Ohio. 

Duerr, A., 202 Orr St., Orrville, Ohio. 

Eagle, George H., 13867 Meadow Road, 
Columbus, Ohio. 

Ellms, J. W., 1310 West 112th Street, Cleve 
land, Ohio. 

English, C. C., Banes, Cuba. 

Evans, E. B., Cincinnati Water Works, Cali 
fornia, Ohio. 

Fisher, F. P., Wallace & Tiernan Co., 811 
Perry-Payne Bldg., Cleveland Ohio, 

Flower, G. E., 1301 West 110th Street, Cleve 
land, Ohio. 

Ford, Curry E., 1140 Leader Bldg., Cleveland, 
Ohio. 

Fretter, Albert H., Supt. of Sewers, 603 S. 
Broadway, Medina, Ohio. 

Goble, H. J., 1137 W. High Street, Lima, 
Ohio. 

Goldberg, Milton, Southerly Sewage Treat 
ment Works, Brooklyn Station, R.F.D. No. 
3, Cleveland, Ohio. 

Gray, D. M., Louisville Cement Company, 
Louisville, Ky. 

Growdon, Howard C., 2519 Ritchie Street, 
Portsmouth, Ohio. 

Hall, G. Albro, 10 State St., Norwalk, Ohio. 

Harroun, F. E., 711 Chitty Ave., Akron, Ohio. 

Hatch, B. F., State Health Dept., Pure Oil 
Bldg., Columbus, Ohio. 

Havens, William L., 1140 Leader Bldg., 
Cleveland, Ohio. 

Hess, A. E., Supt. of Water and Sewage 
Plants, Allianee, Ohio. 

Hommon, Charles C., 140 22nd St., N. W., 
Canton, Ohio. 

Hoover, C. B., 252 East 17th Ave., Columbus, 
Ohio. 

Hotkie, William J., Graduate Assistant, Case 
School of Applied Science, Cleveland, Ohio. 

Hull, F. J., Box 887, Ashtabula Harbor, Ohio. 

Jones, Frank Woodbury, 1140 Leader Bldg., 
Cleveland, Ohio. 

Kimberly, A. E., 574 New Post Office Build- 
ing, Columbus, Ohio. 

Kivell, W. A., ¢/o The Dorr Company, Ine., 
570 Lexington Ave., New York, N. Y. 

Kline, H. S., 5 Palmer St., Apartment 21, 
Dayton, Ohio. 


March, 1937 


Knox, W. H., Asst. Engineer, State Dept. 
Health, Pure Oil Bldg., Columbus, Ohio. 

Krunick, M. D., R. R. No. 7, Box 101, Aki 
Ohio. 

Lashley, L. W., 1315 Starr Avenue, Tol 
Ohio. 

Leach, Walter L., 1140 Leader Bldg., Ck 
land, Ohio. 

Lockhart, W. 6B., City Chemist, Fostor 
Ohio. 

Lower, J. R., Chemist-in-Charge, Bue 
Water Works, Bucyrus, Ohio. 

McDill, Bruce M., State Dept. of Hea 
Pure Oil Bldg., Columbus, Ohio. 

McGuire, C. D., 448 Clinton St., Columbu 
Ohio. 

MacDowell, R. F., 341 Chester-Twelfth Bldg 
Cleveland, Ohio. 

Marsh, Royden E., 1660 Holly St., Den 
Colo. 

Marshall, L. A., Supt. of Filtration, Divisi 


Avenue Filtration Plant, West 32nd St. 


and Division Avenue, Cleveland, Ohio. 
Monroe, S. G., R.F.D. No. 7, Box 99, Aki 
Ohio. 
Morehouse, W. W., Director of Water D 
partment, 308 U. B. Annex, Dayton, Oh 
Moseley, Harry H., 1140 Leader Buildi 
Cleveland, Ohio. 

O’Brien, Walter 8., Miramar Apt. Hotel, 1301 
15th Street, N. W., Washington, D. C. 
Pease, Maxfield, 4614 Prospect Avenue, Cle\ 

land, Ohio. 


Purification Systems, Ine., Att: Charles H. 
Shook, Pres., 1406 Third National Bldg., 


Dayton, Ohio. 
Raffety, J. S., 3414 Oakview Place, Cinci 
nati, Ohio. 


Redrup, A. F., Park Hotel, Van Wert, Ohio. 


Regester, Robert T., 469 E. Torrence Road 
Columbus, Ohio. 

Roth, R. F., Municipal Bldg., Oxford, Ohio. 

Rupp, Daniel H., Water Department, Cit) 
Hall, Topeka, Kans. 

Schaetzle, T. C., 502 Municipal Bldg., Ak 
ron, Ohio. 

Scholl, A. P., 3833 West 152nd Street. ¢ 
land, Ohio. 

Seott, R. D., Chief Chemist, Division of La 
boratories, State Dept. of Health, Colum 


1eVe 


bus, Ohio. 

Sheets, W. D., 1418 18th Ave., Columbus, 
Ohio. 

Smiley, Paul E., 324 Point View Ave., Day 
ton, Ohio. 

Smith, E. E., Supt. Water and Sewage, Lima, 
Ohio. 








ge 
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Smith & Niles, Co., A. H., The, 112 E. Wood- 
iff Ave., Toledo, Ohio. 

Stewart, F. D., 

Dept. of 

lumbus, Ohio. 

R. C., Division of Sanitation, State 


Asst. 
Pure 


Engineer, 


Oil 


Principal, 
Health, 


State Bldg.. 
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Waring, F. H., Chief Engineer, State Health 
Dept., ¢/o Pure Oil Bldg., Columbus, Ohio. 

Weiger, Merl D., 3088 West 106th St., Cleve- 
land, Ohio. 

Wenger, J. H., Chemist, 83 East Broadway, 
Westerville, Ohio. 

Willis, Robert E., 411 N. North St., Washing- 
ton, C. H. Ohio. 

Wirts, J. J., Westerly 
Works, West 58th St. and Bulkley Blvd., 
Cleveland, Ohio. 

Yackley, Wilbur A., 
Ohio. 

Young, F. D., 
Ohio. 


Sewage Treatment 


931 Porter Ave., Dayton, 
1140 Leader Bldg., Cleveland, 


Zala, T., 1140 Leader Bldg., Cleve- 


land, Ohio. 


George 


Sewerage Conference 


Public Health, Oklahoma City, Okla. 


Civil Engineering, 


of 


Pacific Northwest Sewage Works Association 


Sweeney, 
kept. of Health, Albany, N. Y. 
7 wk, M. W., 911 Ferndale Ave., Dayton, 
Ohio. 
Tolles, Frank C., 1140 Leader Bldg., Cleve- 
d, Ohio. 
inson-MacLachlan, Ine., 1603 St. Clair 
\ve., Cleveland, Ohio. 
mhoff, John J., Supt. Sewage Treatment 
Works, 427 E. Harmon St., Delphos, Ohio. 
ker, C. C., 1826 W. Ist Ave., Columbus, 
Qon1o0 
Oklahoma Water and 
Mr. H. J. Darcey, Secretary-Treasurer, Dept. of 
Stapley, E. R., Prof. 
A & M College, Stillwater, Okla. 


(dams, John M., City Engineer, Bellingham, 


sh. 
Burwell, Engineer, Chehalis, Wash. 
( riton, David, Dr., 705 Stevens Building, 
tland, Ore. 
Cit Engineer, Spokane, Wash. 
( s, A. B., City Engineer, Yakima, Wash. 
( ingham, John W., Spalding Building, 


Portland, 
Davis, Edmund I., 
Oregon City, Oregon. 


City 


Oregon, 
Fifth 


Civil Engineer, 707 


street, 
Tacoma, 


rsbeck, C. D., Kugineer, 


Water Supt., Yakima, Wash. 


Green, Carl E., 352 Fulton, Palo Alto, Calif. 
Hall, G. D., 416 A. E. Larson Bldg., Yakima, 
Wash. 


Hall, Willis, City Engineer, Ellensburg, Wash. 
Harris, Roy M., 1410 Alaska Bldg., Seattle, 
Vash. 

Wallace & Tiernan Co., Ine., 
Seattle, Wash. 
Hansen, 6 N. 


Heiss, Edward, 
17 Terminal Sales Bldg., 

Hill, K. V., e/o Creeley & 
Michigan Ave., Chicago, Ill. 

Hockley, C. C., 508 Foiling Bldg., Portland, 
Oregon, 


Hooker-Electro-Chemical Co., Tacoma, Wash. 


Fred. Merryfield, Scerctary, Civil Engineering Dept., Oregon State College, Corvallis, Ore. 


Howard, Edgar F., 1619 S. E. Claybourne, 


Portland, Oregon. 


Howard, John W., Prof., Civil Engineering 
Department, University of Idaho, Moscow, 
Idaho. 

Hughes, William, City Engineer, Lewiston, 
Idaho. 


Irwin, G. M., City Engr. & Water Commis- 

sioner, Victoria, British Columbia, Canada. 
Koon, Ray E., Spalding Building, Portland, 
Oregon. 


Leonard, W. V., 


Engineer, Boise, Idaho. 


State Chemist and Sanitary 


McLean, R. F., Supt. of Water and Sewer 
Dept., City of Walla Walla, Walla Walla, 
Washington. 

Merryfield, Fred., Civil Engineering Dept., 


Oregon State College, Corvallis, Oregon. 

Mitchell, George, Wallace & Tiernan Co., Inc., 
917 Tehminal Sales Bldg., Seattle, Wash. 

National Tank 
Station, Portland, Oregon. 

Newhall, Charles C., State Chemist, Dept. of 
Health, Alaska Bldg., Seattle, Wash. 

Shera, Bryan, Engineer of the Pennsylvania 


and Pipe Company, Kenton 


Salt Mfg. Co., Tacoma, Wash. 
Signor, C. V., City Engineer, Grants Pass, 


Oregon. 
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Smith, C. H., Sewer Hall, 
Portland, Oregon. 

Snyder, M. K., Prof. Civil Engineering Dept., 
Washington State College, Pullman, Wash. 

Turner,. E. S., W. S. Pacifie 


Bldg., Portland, Oregon. 


Engineer, City 


Turner & Co., 


Mr. L. D. Matter, Secretary-Treasurer, 

Anderson, Carl A., Whiterock Quarries, Belle- 
fonte, Pa.. (Albany, N. Y.) 

Anderson, W. R., Borough Supt., 228 Market 
St., New Wilmington, Pa. 

Chas. L., 1531 
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Martin St., Roxbor- 


Manz, Erwin C., 585 E. 
ough, Phila., Pa. 

Matter, L. D., Dist. Eng., Pa. Dept. of Health, 
Kirby Health Center, Wilkes Barre, Pa. 

Mebus, Chas. F., 112 8S. Road, Glen- 
side, Pa. 

Menantico Sand & Gravel Company, P.O. Box 
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